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FOREWORD 


LTHOUGH the art of engineering and the application of scientific principles to the 
A solution of engineering problems dates back several centuries, the developments 
of the past century have been astounding, and it is no exaggeration to say that 
engineers have played an enormous part—a part much greater than is ever imagined by 
the general public—in the advancement of civilization. It is gratifying to know, and it is 
our duty to remember that British engineers have led the way in many new engineering 
developments in the past. But we must not overlook the fact that much progress has 
been, and is being made in other countries, and particularly should we bear in mind that 
engineers in the United States of America, in France, Germany, Italy, Sweden, and 
Denmark are applying themselves with intelligence, industry, and no unmistaken zeal, to 
the many and various problems which confront engineers at the present time. 

We have thus many competitors and, in the present deplorable state of world trade, 
competition is as keen as it can be. Therefore, it is the duty of every aspiring engineer, 
and also of those who have left the lower rungs of the ladder behind them, to make the very 
best use of the powers given them, and of the opportunities which come their way, so 
that they may be of the greatest real service to themselves and to the nation. Perhaps 
it is not always realized that .self-advancement, not in the material, but in the true 
sense of the word, is not necessarily selfish, but is the obvious duty of the individual to 
his fellow men. 

In the engineering profession, the necessity of acquiring a sound theoretical knowledge 
in addition to a practical training is becoming more and more urgent. For apprentices 
and others who may be employed during the day, this theoretical knowledge may be 
obtained by attending either evening classes held in technical schools or colleges, or 
special day classes, organized, as a rule, by the employers, and held either in the works 
or in a technical college. A youth, on leaving school, may attend a day technical school 
for one or two years prior to serving his apprenticeship. For those who have the necessary 
means or who, by virtue of outstanding ability, have earned a scholarship which provides 
the necessary funds, undoubtedly the best and most complete training in engineering 
science can be obtained by taking up a three or four years’ course in engineering at one of 
our Universities. It is a moot point whether this period at the University should be taken 
before or after the practical training. 

Unfortunately, there are still to-day many young engineers who have not the advan- 
tage of a good technical school. 

The ENGINEERING EDUCATOR is not intended to supplant the courses of training 
given in technical schools and colleges, but it should prove an excellent means of con- 
solidating and broadening the knowledge obtained in such institutions. 

In addition to a treatment of the fundamental subjects found in the curricula of 
schools and colleges, many subjects, quite outside the usual courses, are included in the 
EDUCATOR, and it is hoped that the articles dealing with these subjects will prove of 


FOREWORD 


interest and value to all engineers. Information relating to some of these subjects can 
only be obtained in isolated textbooks, and it is hardly necessary to point out that the 
methods, machinery, and processes described in the EpucaTor are quite up to date. 
= In all subjects, with the possible exception of Mathematics, some preliminary know- 
ledge of the subject has been assumed in order that a reasonable standard may be attained 
in the space that will be available in the Epucator. Considerable prominence has been 
given to subjects associated with the generation of power, as it is felt that this is probably 
the most important branch of mechanical engineering. Workshop processes receive a 
fairly generous treatment at the hands of experts, and the articles relating to Fitting and 
Erecting, Machine Tools, Jigs and Tools, Gearing, and so forth will, it is. believed, prove 
very useful to the engineering apprentice and the practical man. More and more attention 
is being given nowadays to the commercial and organization sides of engineering work. 
This very important side of engineering is rarely touched on in technical schools and other 
similar institutions, and it is hoped that the articles on Works Organization, Engineering 
Specifications, Patents, etc., will prove a useful introduction to these important subjects. 
In conclusion, mention must be made of special contributions by eminent engineers 
who will write on subjects in which they themselves are either experts or have specialized 


knowledge. 
W. J. K. 


ENGINEERING EDUCATOR 


MECHANICS AS THE FOUNDATION OF ENGINEERING 


By Joun Goopman, M.Inst.C.E. 


In the early days of engineering the stock-in- 
trade of the designer consisted of isolated facts 
which no one realized had any connection with 
one another until Sir Isaac Newton classified 
them and reduced them to a short simple state- 
ment or law which, with its derivatives, covered 
in a few words truths which had formerly 
required volumes, and, moreover, by means of 
this law, predictions could be safely made as to 
what would happen under conditions differing 
from those which originally obtained. The law 
and its derivatives are known as the Laws of 
Mechanics, which we shall show are the founda- 
tions of almost every branch of engineering 
science. It is important to bear in mind that 
none of these laws, or indeed any other laws, 
explain why certain actions occur: they consist 
merely of simple statements as to how these 
actions take place. As a matter of fact, we 
are entirely ignorant as to the reason for such 
a simple phenomenon as a heavy body falling 
to the ground when released, but thanks to our 


laws of mechanics we know exactly how it 


behaves during its fall. The followers of 
Einstein contend that there is a flaw in Newton’s 
laws of motion, but even if this is proved to be 
the case the error is so infinitesimal that it will 
not affect the laws for engineering purposes. 

The principle of the conservation of energy is 
one of our most important mechanical truths, 
since a great number of special laws can be 
deduced from it. It states : “ From experience 
we find that energy can neither be created nor 
destroyed,” or in other words, “ The energy of 
the universe is a constant quantity.” Experi- 
ence shows us that energy in one form can be 
transformed into energy in other forms and, as 
far as we can detect, there is no loss in the trans- 
formation. For example, mechanical energy 
can be transformed into heat energy, electrical 
energy, light energy, sound energy, and other 
forms. Hence we conclude that whatever 
energy we supply to a machine the whole of it 
appears again in the same or in other forms of 
energy. 

In the case of a lever mounted on a fine knife 
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edge, practically the whole of the mechanical 
energy supplied to one arm of the lever reappears 
as mechanical energy at the other arm. Assum- 
ing that there is no loss we can at once deduce 
from this fact that the moments of the forces 
about the knife edge are equal, and by the same 
means we can establish the general principle of 
moments. If the knife edge were replaced by a 
pin the mechanical energy supplied to one arm 
would be greater than that recovered from the 
other, the difference being the energy absorbed 
in overcoming the friction on the pin, which 
appears as heat energy. The ratio of the work 
recovered to the work supplied is known as the 
mechanical efficiency of the lever. 

In any machine, if sufficient care be taken in 
making the experiment, an energy balance can 
be drawn up, which will balance quite as accur- 
ately as a bank balance. 

By a suitable application of the principle of 
the conservation of energy the following well- 
known laws can be deduced: the resolution of 
forces, the flow of fluids through orifices, the 
periodic law of the pendulum and many others. 
It is often remarked what a very large number 
of problems can be solved when once the law: 
of mechanics are fully grasped. : 

Every branch of mechanics is important in 
every branch of engineering, but not necessarily 
of equal importance. The following list will 
give some idea of the problems which depend 
for their solution upon the respective laws. 


CIVIL ENGINEERING 


Moments of Forces. The stability of retain- 
ing walls, dams, breakwaters, buttresses, chim- 
neys, and all structures subjected to wind or 
water pressure. 

Bending moments acting on beams, girders, 
bridges, arches, masonry structures. All leverage 
problems. Water pressure and the position of 
of its resultant. 

Resolution of Forces. The calculation of the 
forces acting on triangulated structures, such 
as girders, bridges, roofs, cranes, sheer legs, 
suspension bridges. ` 


2 ENGINEERING EDUCATOR 


Conservation of Energy, in its special form, 
known as the principle of least work. The 
calculation of the forces acting on complex 
structures which cannot be dealt with by the 
simple static methods based on the resolution 
of forces. 

Laws of Falling Bodies. The flow of water 
through orifices, pipes, and channels. 


MECHANICAL ENGINEERING 


Moments of Forces. Centre of gravity, the 
position of the resultant of forces. Levers, 
governors, mechanisms. Bending moments on 
beams, brackets, long columns, arms of wheels, 
connecting rods. Strength of beams. Twist- 
ing moments on shafts, strength of shafts. 
Moments of inertia. Energy stored in fly-wheels 
and rotating bodies. 

Resolution of Forces. In addition to those 
enumerated under the head of Civil Engineering, 
the principle is constantly made use of in deter- 
mining the forces acting in small structures, 
loaded ropeways, and poles for overhead wires. 

The same principle applies to the resolution 
of velocities and accelerations: in this form it is 
constantly required for the design of steam and 
water turbines. Gyroscopic action. Balancing. 

Conservation of Energy. The mechanical 
efficiency of every class of machinery and prime 
movers. The energy stored in fly-wheels and all 
moving parts. Velocity ratios of gearing and 
mechanisms in general. Whirling of shafts. 

Laws of Falling Bodies. The periodic motion 
of pendulums, springs, wave motion, vibration. 

Acceleration and Retardation. In every prob- 
lem involving the rapid motion of machine 
parts the forces set up are often of great impor- 
tance, and are determined by considerations of 
the acceleration and retardation of the parts. 


ELECTRICAL ENGINEERING 


The electrical engineer requires much the 
same knowledge of the laws of mechanics as 
the mechanical engineer. Nearly all the fail- 
ures in the early days of electrical engineering 
can be traced to mechanical blunders. Even 
to-day electrical engineers are far too apt to 
neglect the mechanical side of their profession. 
One of the foremost electrical engineers of the 
day has often remarked that an electrical 
engineer should be go per cent mechanical and 
to per cent electrical. 


AERONAUTICAL ENGINEERING 
Moments of Forces. In addition to those 


enumerated for mechanical engineering, the 
aeronautical engineer requires a thorough 
knowledge of moments in order to ,determine 
the effect of air pressures on the various parts 
of his aeroplanes and airships.. 

Resolution of Forces. See Mechanical Engin- 
eering. Some of the problems connected with 
the strength and stiffness of the structures of 
aeroplanes and rigid airships require a very 
advanced knowledge of this branch of mechanics 
and the principle of least work. 

Laws of Falling Bodies. Calculations regard- 
ing the path and line of flight of projectiles. 


MILITARY ENGINEERING 


Moments of Forces. See Civil Engineering. 

Resolution of Forces. See Civil Engineering, 
with special reference to rapid construction for 
military bridges. 

Laws of Falling Bodies. The science of gun- 
nery and the path and behaviour of projectiles 
are based on these laws, with specialized appli- 


- cations of air resistance and gyroscopic action. 


NAVAL ARCHITECTURE 


Moments of Forces. In addition to many of 
the uses enumerated under Mechanical Engin- 
eering, the naval architect makes great use of 
this law in determining the stability and right- 
ing moments of the hulls of ships, also the 
bending moments set up when the ships encoun- 
ter heavy seas. 

The above-mentioned applications of mechan- 
ical principles are far from being complete, but 
they will suffice to show that no engineer can 
afford to dispense with a knowledge of such 
laws. Hence in whatever branch he may be 
interested he should first and foremost make a 
study of the laws of mechanics and their appli- 
cations to engineering problems. 

In general, the mere mathematical treatment 
of the subject is of little use ; it is no uncommon 
occurrence to find a man, well up on the mathe- 
matical side of statics and dynamics, hopelessly 
lacking in his ability to apply his knowledge to 
actual engineering problems. The mathema- 
tician so often delights in dealing with imag- 
inary weightless levers, frictionless pulleys, 
perfectly flexible cords, and other absurdities 
which may be justifiable as starting-points, but 
are of little use when dealing with actual 
engineering problems. 

Those wishing to acquire a useful knowledge 
of mechanics should, wherever possible, make 
tests on actual machines. 
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MATHEMATICS FOR ENGINEERS 


By W. G. Bickxtey, M.Sc. 
Lecturer in Mathematics, Battersea Polytechnic 


LESSON I 
INTRODUCTION 


Mathematics, the science of number and quan- 
tity, was born of the needs of practical men, 
invented by those who thought more than their 
fellows, to economize thought and labour, and to 
make them more efficient. The need for mathe- 
matical knowledge is greater in our modern 
scientific civilization than perhaps ever before, 
and the big part played by the engineer makes 
his need of mathematics correspondingly great, 
in his dealings with sizes, forces, speeds, stresses, 
etc, Not perhaps all day and every day, and 
certainly more in design than in execution, but 
the need is there, so that no engineer can afford 
to be ignorant of it, and certainly all great 
engineers have had a very good working know- 
ledge of mathematics. 

Mathematics is really a kind of language— 
“one way of talking sense about things ’— 
but it is more than that. It enables us to deduce 
the consequences of a set of conditions; to 


predict what will happen—if we understand the: 


nature of the things we are dealing with—by the 
use of its labour-saving and thought-economiz- 
ing processes ; to be able to use it with power, 
however, we must understand the things. 
Mathematics alone will not make an engineer ; 
the great engineers have been able to see the 
things behind the symbols, and to apply their 
mathematics to practical problems, but without 
its help they could not have achieved nearly so 
much. 

The present course is designed to teach, as 
far as space permits, the most essential parts of 
the subject as regards its application to engineer- 
ing, and it should enable the student to get a 
sound nucleus of useful mathematical know- 
ledge, along with the power to apply it to 

ngineering problems. 


MEANING AND USE OF FORMULAE 


Imagine yourself to be an engineer entrusted 
with the design of a bridge to carry a double 
line of railway. You will probably, nowa- 
days, at once decide to use steel girders in its 


construction, and soon settle the main outlines 
of the design, such as number of spans, width of 
roadway, etc., but this is only a beginning. The 
next thing you will have to do is to consider how 
many main girders you will have (probably four 
side by side), and how thick they must be to 
bear safely the loads you know the bridge will 
have to carry. You will know the best form 
of section, the I section (Fig. 1), but you still 
have some “sums” to do to calculate the 
breadth (b in the 
figure), the depth 
d, and the neces- 
sary width of the 
web and the flanges. 
To do this you will 
need to know the 
rules that have been 
found for doing 
these sums” 
They are to be 
found in engineers’ 
pocket books, and 
in books on the 
design of struc- 
tures, but they are 
expressed in a kind of “ shorthand,” which must 
be explained to you in order that you may be 
able to read and understand it. 

For this, let us take a much easier “ sum ”— 
one that you already know how to do—and turn 
it into our “shorthand.” Suppose you were 
asked to find the area of this page, what would 
you do? Ofcourse, it’s easy, isn’t it ? Measure 
up the length and breadth, and multiply them 
together. Now write out the rule— 

To find the area of a rectangle, measure the 
length and the breadth, and multiply them together. 

Rather a lot about a simple matter, you will 
say. Yes, it is. To shorten it, let us concen- 
trate upon the most important parts. You 
will, I think, agree that these are area, length, 
breadth, multiply; and see the wisdom of 
rewriting the rule— 


Area = length x breadth. 


Not only have you saved thirteen words, and 
used a symbol for another, but you have put 


ANES 


Web Flanges 


Fic. 1 
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the rule in a much more “ pithy’ way. Can 
we go further? Well, I am sure you will under- 
stand me if I write— 


A= xb (I) 


where, obviously, A stands for area, b for 
breadth, and J for length. (Of course, it is 
understood that this “ tabloid ” rule is only to 
be used for rectangles, it will not do for triangles 
or circles.) 

Now how do we use the rule? The length 
of the page is 9-8 in., and its breadth 7-5 in. So 
you would say— 


YAN = (pls), 6 iy as 2A Son: 


You see what you did. You rewrote’ the rule 
(x) with 9-8 in place of J and 7:5 in place of b, 
and then did what the sign x told you to. 
(You were also careful to say that the answer 
was 132:4 sq. in., so that nobody would think it 
~ was square something else.) 

There is one more way in which it is usual to 
shorten the writing of such a rule. Nearly all 
the commonly occurring “sums” are mainly 
multiplications or divisions, and since a division 
can be written as a fraction (12 — 3 can be 
written 42), instructions to multiply will be 
most frequently needed. So we make a habit 
of not writing the x, leaving it to be under- 
stood that in the absence of any other instructions 
we are to multiply. This shortens (1) into— 


A =H (2) 


(Obviously, it is only between letters that we 
can leave out the x ; never between numbers. 
For instance, 9:87:5 is not at all clear.) 

To find the area of a room 18 ft. by 14 ft. 


At T8 TA = 252S. E 


(Here we replaced the 7 by 18 and the b by 
14, being careful to insert the x between the 
numbers.) 

Or for a field 210 yd. by 150 yd.—- 


A = lb = 210 X 150 = 31,500 sq. yd. 


Now we call (2) a formula (plural, formulae) 
and you see what it is, just a “ shorthand ” 
expression of the rule for doing a certain type 
of “ sum.” Letters stand for numbers, and to 
use the formula just write the numbers in place 
of the letters, and do what you are told, remem- 
bering that you multiply unless you are told to 
do anything else. 

Units. There is one other point we shall have 
to be very careful of in practice. That is the 


matter of units. Our letters will be standing 
for quantities, such as lengths, areas, volumes, 
times, speeds, etc., and all of these are measured 
in terms of some unit. It is therefore quite 
important to know in what units the quantities 
must be measured before the numbers are sub- 
stituted for the letters in the formulae. Very 
often it is only necessary to use a consistent 
set of units throughout, for instance, all lengths 
in feet, times in seconds, and then areas in 
square feet, and speeds in feet per second, and 
so on. Our formula (2) above is of this type. 
If we need the area of a straight road half a mile 
long and 24 ft. wide (= fm. b = 24 ft), we 
must first of all get Z and b in the same units, 
probably yards as the most convenient. So— 


= 4m. = 88o yd. b= 24 ity 8 yd 
A = 1b = 880 X 8 = 7,040 sq. yd. 


While there is much reason in following this 
plan, especially because it allows the same 
formula to be used for any consistent set of units, 
yet it is sometimes convenient to build up a 
formula in such a manner that the quantities 
are to be expressed in the units that it is usual 
to use in practice. For instance, it is much 
more usual to refer to the speed of a train in 
miles per hour than in feet per second ; vertical 
heights are more commonly expressed in feet 
than in yards; the engineer more often thinks 


and speaks of revolutions per minute than — 


radians per second. The only rule that can be 
given is that it is essential to be clear at the 
outset, and at every stage of the work, as to the 


units the quantities ave measured in, and as to 


the units they must be measured in in order that 
the formula used may lead to correct results. 
A careful study of the campie to be given soon 
will make this clear. 
Illustrative Examples. 
bridge. 
to have the depth (d, in Fig. 1) bere 1b 
and 4 of the span; we will take -4 or 4 ft. 


First, to return to the 


qs ’ 


(Call the'span L, and the rule may be written— 


L 
—=; we took d = £ ei 
=e 


and I5 T 


L 
d between — 
I0 


= 4ft.). Next, it is usual to take the breadth 
about a third of the depth, say, b = 


+x 4=14ft.=16in. Now for the flange 
rule. It is— 

WL i 

A aa, G 


The span is to be 48 ft., and it is usual 


l 
| 
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The new letters stand for— © 

A = area of one flange (in sq. in.). 
W = the load (in tons). 

f = the greatest pull that it is safe to allow 
in a steel bar Isq. in. in cross-section. (In 
_ tons per sq. in.) 

_ All these are in tons and inches, so we must 

_ have L and d in inches also. So— 

TAS a= 48) 12, d == Ait, == 48in. 

and, for our bridge the load, W, is to be go tons, 

_ while we take f = 7 tons/sq. in. 
A WL go X 48 X 12 

HE 8x7 x 48 

(nearly). 

- Also, since the breadth b is 16in., we can 

find the thickness (call it ¢) of the flange. The 

rule is— 


==) OPS} Sta, aa, 


Z = a = 1-21 in. (nearly). 

(The engineer would probably use r}in., or 
two 3 in. plates.) 

Example 2. On a railway curve, the outer 
rail is always raised above the inner. If h is 
the height in inches, w the distance between the 
rails in feet (gauge), v the speed allowed for in 
miles per hour, y the radius of the curve in 
feet, the formula used is— 
wy? 

T257 ; : ; = (A) 


Find h for (a) Irish gauge, 5ft., speed 
45 m.p.h., radius 1,800 ft. (b) Welsh “ narrow 
gauge,” 2ft., speed 15 m.p.h., radius 100 yd. 
(c) English gauge, 4 ft. 84 in., speed 50 m.p.h., 
radius 1,250 ft. 

There is first another piece of “‘ shorthand ” to 
explain. v? (v-squared) means v Xv, Le. 42 
means 4 X 4 or 16. In the same way, instead 
of 2 X 2 X 2 X 2 X 2 we write 2° for shortness. 
The 5 in the latter tells us how many 2’s are to 
be multiplied together. It is called an index, 
and we speak of 2° as the fifth power of 2. 


(a) Here w 5, U = 45, 7 = 1,800, so that 
5 X45 X 45 . 
hse E25 I,800 43 in. 
(0) Here w = 2,0 = 15,7 = Too yd. = 
300 ft. 
2 KSX I5 
I-25 X 300 


m 


== 192 1m, 


(c) Here w = 4 ft. 8} in. = 4-71 ft. (decimals 
are in the long run simpler than vulgar frac- 
tions; two places—the nearest figure being 
given in the second—are quite accurate enough 
for the purpose in hand), v = 50, 7 = 1,250. 


j AV a5 O50 
tes I-25 X 1,250 


= 7°54 in. (nearly). 


Example 3. The length of the cable of a 


2 

suspension bridge is given by L =} -+ 7 

where L is the total length, Z is the span, and 

d the sag in the middle, all in the same units. 

Find L for a bridge of 40 yd. span, the sag 
being 15 ft. 

To get the answer in yards we must bring all 


the lengths to yards. So 1 = 40, d = 15 ft. 
5 yd. Thus— 
8 x 
3/5 1 > = 40 + 18 = 4n8 yds. 


3 X 40 


EXERCISE No. 1 


1. The volume V of a sphere of diameter D is given 
(for all consistent units) by V = 0:5236D%. Find the 
volumes of spheres of (a) diameter 2 ft., (b) radius 
2-5 in. 

2. The h.p., H, developed in the cylinder of an 
PLAN 
33,000 
pressure in lb./sq. in., L is the length of the stroke in 
ft., A is the area of the piston in sq. in., N is the num- 
ber of revolutions per minute. Find H if P = 35, 
i= i, A = 88, N = £20, all im correct units. 


engine is given by H = , where P is the average 


` BD? 

3. Find the value of I from the formula I = Sa 

(a) when B = 6 and D=10; (b) when B = } and 
‘Di — oc) when! B= 2725 and D8) 

4. The sag d in., at the centre of a telegraph wire 

weighing w Ib. per ft., stretched by a tension T Ib. 


between posts / ft. apart is given by d = a Find 


d in the following cases— 

(a) Iron wire weighing 0-072 lb./ft., tension 2701b., 
posts 100 ft. apart. (b) Copper wire weighing 0-12 lb./ 
ft., tension 240lb., posts 60 yd. apart. (c) Wire 
weighing 12 ft. to the 1b., tension 300 1b., 55 posts to 
the mile. 

5. The load, W tons, that can be borne by a pillar of 
20,000 
400 + 1? 
Find the loads for pillars ro ft. 


certain cross-section is given by W = where 


l is its length in ft. 
long and 15 ft. long. 
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THE THEORY OF HEAT ENGINES 


By E. B. Corb, B.Sc. 


LESSON I 
INTRODUCTION 


A “HEAT ENGINE ” is any machine which enables 
mechanical work to be performed through the 
agency of heat energy. In every case the engine 
takes in its heat at a high level of temperature 
from some source of high temperature heat, and 
this heat, within the engine, is allowed to fall 
from this high level of temperature to a lower 
level of temperature, and, “‘ on the way down,” 
some of this heat energy is converted into a 
different form of energy, i.e. mechanical energy. 
The remainder of the heat not so converted is 
rejected by the engine at the lower level of 
temperature, 

To take a concrete example. A steam-engine 
takes in its heat at the temperature of the 
boiler, and rejects all the heat not converted 
into work at the low temperature level of the 
condenser. Similarly, a petrol engine receives 
high temperature heat from the combustion of 
the petrol vapour with the oxygen of the air, 
and afterwards rejects the unused heat at the 
lower exhaust temperature level. 

Obviously, we desire in any such engine to 
obtain the maximum amount of work possible 
from a given amount of heat supplied, which, 
in practice, means fuel consumed. 

Thus, the theory of heat engines deals with 
the different ways in which this heat energy 
may be allowed to “ fall ” from a higher to a 
lower temperature, shows us which, theoretic- 
ally, are the best methods to employ, by en- 
abling us to determine the thermal efficiency, that 
is, the percentage of the heat supplied which can 
be converted into work in any system we adopt. 

In commencing to study the subject the 
student is asked to make himself thoroughly 
familiar with the following definitions and 
units— 

Unit of Heat. The unit employed by engin- 
eers is the amount of heat required to raise 1 lb. 
of water one degree in temperature. If the 
Fahrenheit scale is used the unit is called a 
British Thermal Umit (B.Th.U.). If the Centi- 
grade scale is employed the unit is the Centi- 
grade Heat Unit (C.H.U,). 


Since 1°C. = 2 or 3-8°F., the CHUS 
obviously 1-8 times one B.Th.U. 

Now actually it is found that the amount of 
heat required to raise Ilb. water one degree 
in temperature varies slightly with the tempera- 
ture. Hence to make our unit definite the tem- 
perature in the neighbourhood of which the one 
degree rise occurs must be specified, or what is 
more generally done is to define the C.H.U. as 
the ;4, part of the heat required to raise I Ib. 
water from 0° C. to 100° C.; and the B.Th.U. 
as the ;1, part of the heat required to raise I lb. 
water from 32° F. to 212° F. 

Specific Heat of a substance is the amount 
of heat in standard units required to raise I Ib. 
of the substance one degree in temperature. 

From definition, therefore, the specific heat of 
water is unity. 

The specific heats of substances generally 
vary slightly with the temperature, but for our 
purpose we may consider them as constant. 

The First Law of Thermo-dynamics. Heat is 
a form of molecular energy, and it may be con- 
verted into mechanical work by means of the 
change in volume it produces on bodies acted 
upon by it. Thus, the first Law states that 
“heat and work are mutually convertible.” 

Dr. Joule, by means of a friction apparatus, 
in which the amount of mechanical work done 
against friction and the heat so generated could 
be measured, found that one B.Th.U. was pro- 
duced by an expenditure of 772 ft. lb. of work. 
Later experiments have fixed the value of 
Joule’s equivalent at 778 ft. lb., which value is 
now generally adopted. 

Thus, 778 ft. 1b., if wholly converted into heat, 
would raise the temperature of Ilb. of water 
rou 

Using the Centigrade scale, 1 C.H.U. will be 
equivalent to 1:8 X 778 = 1,400 ft. lb. Joule’s 
equivalent is generally denoted by the letter J. 

It is easy to convert work into heat by fric- 
tional effects, but the reverse is more difficult, 
and this is the function of a heat engine. 

Work Done by Moving Piston. It is assumed 
that the student is familiar with the definition 
of work and how it is measured, but a simple 
application, namely, the work done by a piston 
in a cylinder against a pressure P lb. per sq. ft. 
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is worth recording, as the result is used exten- 
sively in the following lessons. In Fig. 1 let— 


V, = original volume of cylinder in cub. ft. 
UG = final ” ” ” »”» 
S, = original displacement of piston ft. 


” 


S, = final. ,, 2 » » 
a = cross-sectional area of piston sq. ft. 
Then 
Vo == GS, y= Ss 
But work done = aP (S,-S,) ft. Ib. 
= P (VV) 
= Pressure Xx change in 
volume. 


If the pressure varies throughout the stroke, 
then the work done = P, X change in volume, 
where P, = mean 
pressure acting. 

Change of State— 
Molecular Theory— 
Energy Equation. It 
will be of immense 
value for the student 
to gain a visual idea 
of what happens when 
heat is applied to a 
substance. 

A solid can be con- 
sidered as made up of 
innumerable mole- 


BIG. I. 


cules,t each exerting an attractive force on 


its neighbours and every one in a state of 
intense vibration, the amplitude of which is 
extremely small. The molecules of a solid 
being packed close together have no free 
motion amongst themselves, their attractive 
forces being all powerful, and so form a com- 
pact body of definite size and shape. 

On heating the body we may do one or more 
of three things— 

I. The heat energy applied will give extra 


1 A molecule is the smallest amount of a substance 
that can exist alone as that substance. Suppose, for 
example, we take a piece of wood and cut it in half, 
discarding one half and again cutting the other into 
two halves. The student can imagine this process 
continuing almost indefinitely until, in fact, any further 
subdivision will result in the infinitely small particle 
being split up into some simpler constituents and losing 
its properties as wood. To obtain an idea as to the 
number of molecules, it has been found that for every 
gas (and in a gas the molecules are much farther apart 
than ina liquid or a solid), at ordinary temperature and 
pressure, there are 27 million million million molecules 
in every cubic centimetre. 


energy to the molecules so that they will vibrate 
faster, which is indicated by a vise in tempera- 
ture. The heat involved in causing this 
increased kinetic energy is called Sensible heat, 
since its effect is shown by a change in tempera- 
ture. 

2. It may increase the amplitude or range of 
molecular vibration, i.e. it does internal work in 
moving the molecules further apart against 
their attractive forces. 

3. As a result of the latter the body expands 
and, if this expansion takes place against a 
resistance, external work will be done. Hence 
we obtain the most important equation— 


__ Gain of Internal Energy 
— + External Work Done. 


With a solid or liquid, in which the molecules 
are so near together as to come under each 
other’s attractive forces, the change of internal 
energy will be made up of items (1) and (2) ; 
but with a gas in which the molecules are free 
from their mutual attractive forces, being so far 
apart and moving with such kinetic energy that 
when collisions occur they rebound again out 
of each others sphere of attraction, the change 
of internal energy will all be kinetic and be indi- 
cated by a change in temperature. 

On continuing to add heat to a solid, a cer- 
tain point will be reached at which the kinetic 
energies of the molecules will have increased to 
their maximum amount, and any further increase 
in heat does not increase the temperature, or 
vibratory motion, but is utilized in doing internal 
work in tearing away the molecules one from 
another, so that each molecule rushes about 
colliding with and rebounding from the others. 

The heat supplied is called the Latent heat of 
fusion, because there is no change in temperature 
but a change of state has occurred. 

The molecules of the substance, having a 
larger path of movement, are less dense than 
before, but are unable to wander away freely 
and move within a limited space, their mutual 
attractive tendency still being able to control 
their kinetic energy. A liquid has been formed 
which has definite size, but, owing to the com- 
parative freedom of the molecules, has no shape. 

If an increase in volume occurs during this 
change in state against a pressure P lb. per 
sq. ft., then some of the heat supplied has done 


Heat supplied 


external work of amount i [V, - V] heat 


units, where V, = volume of liquid in cub. ft. 
and V, the volume of the solid. 
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Hence 
internal work done 
+ external work done. 


In some cases (e.g. ice to water) a decrease in 
volume occurs on change from solid to liquid, 
this means that the pressure P has done work 
on the substance which has helped to do the 
internal work, i.e. in our equation the external 
work done (by the substance) is negative, or 
Latent heat + External work done by resisting 
force = Internal work done. 

Considering again a liquid, on continued 
heating, the kinetic energy of the molecules is 
again increased, giving rise to a temperature 
increase, i.e. sensible heat is added until once 
more a certain point is reached where any further 
heat added is used in forcing the molecules 
beyond the control of their mutual attractions, 
the molecules now rushing about with such 
kinetic energy that, on collision, they rebound 


- Latent heat = 


again uninfluenced by their attractive tend- 
ency. 

Internal work has again been done against 
the molecular resistances, resulting in a change 
of state from a liquid, whose molecules were 
under control, to a gas or vapour whose mole- 
cules are quite free. 

On this change of state a large increase in 
volume always occurs, hence, external work is 
done by the substance, so that our equation is 


L = internal work done 
P 
+ i (Voas - V,) heat units 


where L is the heat supplied causing the change 
of state at constant temperature, and is called 
the Latent heat of Vaporization. 

The bombardment, on the walls of the con- 
taining vessel, of the molecules as they rush 
about, constitutes the pressure of the gas. 


APPLIED MECHANICS 9 


APPLIED MECHANICS 


By Gro. W. Brrp, Wu.Ex., B.Sc., A.M.I.Mecu.E., A.M.1.E.E. 


LESSON I 
FORCE 


A VERY large part of the work of an engineer 
‘consists of the intelligent control of the forces 
which he employs in his work, and it is therefore 
of importance that he should have a clear 
notion of what is meant by the term Force. 
A force is not something which has a physical 
form, neither does it possess such distinguishing 
characteristics as colour, odour, etc., as so many 
engineering materials do, and therefore we find 
that our study of forces is best conducfed 
by considering the Effects produced by these 
forces. 

A force, when acting upon a body, changes or 
tends to change the motion of the body, and it 
is this change or tendency to change the motion 
which so often makes us aware of the existence 
of the force. The tractive force between the 
wheels of a locomotive and the rails produces 
motion of the train; the frictional force of the 
brake brings the train torest. But we note that 

ja force does not always produce a change in the 
state of rest or motion of a body ; for example, 
the steam pressure inside the stationary boiler 


cannot be said to give motion to the boiler, 


neither has the application of the brakes always 
brought the runaway vehicle to rest. Still we 
are aware, that, even when the application of a 
force does not bring about a change in the motion 
of the body, it invariably sets up a tendency of 
this kind. 


DISTORTION 


A further effect invariably produced by a force 
when acting on a body is that of Distortion, 
and at this stage we shall confine our attention 
to the distortion effects produced by forces, 
reserving the study of the motion effects for a 
later lesson. 

A body on which a force acts suffers a change 
of shape or distortion, and, although this change 
of shape may be extremely small, it is neverthe- 
less a real change, and can be measured provided 
sufficiently sensitive measuring instruments are 
available. As an example, the bursting force 
of the steam pressure inside a boiler distorts the 
boiler, which in general becomes larger, and 


actual measurement shows that all sorts of 
curious distortions take place. All distortions 
or alterations in shape are referred to as Strains E 
and now that we are beginning to apply terms 
to our ideas we must warn the reader to be very 
careful in his use of such terms. Engineering 
work demands an exact use of the terms em- 
ployed, and the loose language of everyday 
affairs is not to be tolerated. 


STRESS 


When a force acts upon a body it not only 
causes a Sivain to take place, but it also sets up 
a state of affairs inside the body to which we 
give the name Stress. Every particle in the 
body acts upon, that is, pushes or pulls, its 
neighbour, which, in turn, reacts upon the first 
particle. This action and reaction extends 
throughout the whole body, and this state of 
affairs we refer to as a state of Stress. We see 
that the effect of a force acting upon a body is 
to cause a Strain, and to set up a Stress within 
the body ; further, we note that we cannot have 
one without the other, and that both Stress and 
Strain come into existence together and dis- 
appear together ; as soon as the force ceases to 
act the Strain disappears and the body is relieved 
of Stress—indeed, we may almost liken them to 
Siamese twins. 


MopuLus oF ELASTICITY 


There is a very simple relationship existing 
between Stress and Strain which, for most 
engineering materials, holds with remarkable 
accuracy between certain limits; and as in 
engineering practice, we arrange that these 
limits are not exceeded, this simple relationship 
proves to be very useful and important. 

Hooke’s Law. The relation between Stress 
and Strain in the case of a body subject to a 


: : : o SURES 
simple tensile or compressive force is Shani 
E; E being a constant or modulus which 


depends only upon the kind of material. ŒE is 
sometimes defined as being that load per unit 
area which will produce Unit Strain. Let us 
see what this really means. Suppose we take 
a cube of a material which is perfectly elastic 
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and subject it to an increasing pull, P, as shown 
in Fig. I. 

The immediate effect of this will be to elongate 
the specimen in the direction in which the force 
P acts, and this elongation will increase with 
the increasing pull, so that in time we shall 
find the edge ac stretched to twice its original 
length, and our original cube will have a shape 
something like that in Fig. 2. The side ac 
has now become stretched to a,c,, where a,c, 
= twice ac and thus the alteration in the 
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length of ac is equal to the original length 
ac. The Strain, being equal to the original 
length, is termed Unit Strain, and the increased 
load P, which has produced this effect, is the 
modulus of elasticity for that material. 

A numerical example will now be given, and 
will serve to show how we employ our theory 
in calculating the values of Stress and Strain. 

Example 1. A steel boiler stay is rin. dia- 
meter and roft. long; it supports a surface 
which measures 15 in. by 15 in., which is sub- 
ject to a steam pressure of 180 lb. per square 
inch by gauge. Calculate (1) the tensile stress 
on a cross-section of the stay; (2) the increase 
in the length of the stay when subject to the 
steam load. E may be taken as 30 X 108 
pounds per square inch. 


tensile load 
~ area of cross-section 


Tensile 
Stress 


15” X 15” X 180lb. persq.in. X 4 
175" x I-75" Xm 


Tensile 
Stress 


” = 16,840 lb. per sq. in. 


To calculate the increase in length we make 
use of the relationship— 


Stress ; 
= Strain? in which the Stress 


load 


W 
= area of cross-section A `~ 16,840 


total extension 4 a 
original length ~ 1 120 


and the Strain = 


cae oh wi 16,840 X 120 in. 
i T Ax x in. 
16,840 X 120 l 
Sa 30,000,000 ` 0-06736 in. 


EXERCISE No. 1 


1. If a rod Zin. diameter and 4oin. long has a 
tensile load of 4 tons applied to it in the direction of 
its length, find the increase in length and the stress 
on a cross-section of the rod. E may be taken as 
30 X 10°lb. per sq. in. 

2. If the modulus of elasticity of copper be 15 X 
10° lb. per sq.in., find the necessary diameter of a 
copper rod 3 ft. long, if the extension is not to exceed 
xhs in. when carrying a tensile load of 2,000 lb. 

3. A tie rod is 9 ft. 6in. in length, and its cross- 
sectional area is 3}.sq.in. When subject to a pull of 
25 tons it is found to stretch o-066in.; what is the 
value of the modulus of elasticity for this material. 

4. A hollow cast-iron column is 8 ft. high; the 
internal diameter is 18 in., and the external diameter 
26in. The load carried by the column is 1,250 tons. 
Assuming that the load is uniformly distributed over 
the ends of the column, calculate (1) the compressive 
stress on a cross-section and (2) the shortening of the 
column due to the load. Take E for cast-iron as 
6,800 tons per sq. in. 

5. Amanina stationary balloon 2 miles above ground- 
level throws out two wires, one copper and one steel, 
of sufficient length just to reach the ground whilst 
retaining one end of each wire in his hands. Compare 
the maximum tensile stresses in the two wires. One 
cubic foot of steel weighs 490 1b., 1 cubic foot of copper 
weighs 545 lb. 
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By G. Woop, A.M.I.Mecu.E. 


LESSON I 
FORM 


flachine Drawing is a useful rather than a fine 
rt, and its chief use lies in its power to convey 
leas from designer to craftsman. In approach- 
ng the art we should remember that the drawing 
f a machine or machine-part need not be a 
icture to tempt prospective purchasers, as in 
rchitectural drawing. Yet a clear bold draw- 
ag is not without beauty. 

As a first principle we would suggest that a 
rawing, when read with understanding, should 
e capable of suggesting a vision of the object 
drawn. Moreover, the 
most common order of 
procedure in machine 
construction in which 

the drawing plays a 
part is as follows— 

The designer (or 
draughtsman) first 
visualizes the machine 
part, then records the 
vision in the form of a 
awing. Later the craftsman, reading the 

rawing, visualizes the machine part with a 
ew to constructing the same. 

Now it cannot be too greatly emphasized that 
e way to acquire the art of reading a drawing 
early and quickly is to learn how to make not 
1e but many drawings. Further, here is a case 
here ‘ Knowledge is Power,” and the crafts- 
an who possesses the art of reading machine 
‘awings with ease and facility is he who will, 
rough the confidence thus gained, become the 
itstanding man in the workshop. 

The first thing about a machine part to be 
presented by the drawing is form. Now in 
ther visualizing or seeing the object we, look- 
g in perspective, obtain a three-dimensional 
ew, but as we shall observe, for clearness and 
onomy of production, it is desirable to repre- 
nt the object from more than one view- 
int. 

Fig. 1 shows an object as seen in perspective. 
viously, to represent the object as seen would 

most cases involve considerable geometrical 
nstruction, and to dimension the part in one 
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be composed of three rectangles. 


view would entail interference of lines. If, as 
an alternative, we take three separate views in 
the directions as suggested by the arrows SE, 
P and EE, we obtain a clearer idea of its 
constructional requirements. It is found in 
practice that in order fully to represent a 
machine part graphically we must, in the 
majority of cases, prepare the following three 


-views of it: side-elevation, plan and end-eleva- 


tion, corresponding to the viewpoints SE, 
P and EE in Fig. 1. Moreover, it will be 
noticed that the three views are taken normal 
to planes lying at right-angles to each other. 

Now, assuming the student is familiar with 
machine-drawing requisites, such as drawing 
board, tee square, set squares, compasses, 
drawing paper and pencils, we may proceed to 
discuss the method of producing a drawing of 
the form of the part shown in Fig. 1. 

We may, for the present, ignore the question 
of the economy of space on the drawing paper 
and the question of suitable scale. Commenc- 
ing ‘with the side-elevation, SE, we can 
readily imagine the part to be built of three 
prisms, and this particular view of the body to 
Referring to 
Fig. 2, and taking dimensions from Fig. 4, first 
draw the base line ab, marking the points a and 
b 10in. apart. Now draw a line cd parallel to 


h ai w K 
e 

k yi ee 
F g 
a 6 m uv 
l 7 = a 
A Ji L p 

Rigs 2 


the line ab, and at a perpendicular distance of 
Iin. from same. Next draw the lines ac and 
bd at right angles to the base line, thus com- 
pleting the first rectangle. Further, draw a line 
ef parallel to and 2in. above the base line. 
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Produce the line ac to e, and draw the line fg 
parallel to and 2}in. distant from ce, thus 
completing the second rectangle. Finally, draw 
a line 4j parallel to the base line and 3 in. 
above same. Continue the line bd to 7, and 
draw the line 4k parallel to jd at a perpendicu- 
lar distance of 34in. This completes the third 
rectangle, and also provides an outline of the 
part as seen from the viewpoint SE. 

It will be observed that the above lines have 
been drawn lightly, as all preliminary lines of 
indefinite length are drawn. To more clearly 
define the view we now line in the outline 
aefgkhjb with heavier pencil lines as shown in 
Fig. 3. 

We may now proceed (Fig. 2) to the drawing 
of a plan view of the part as seen from the 
direction of the arrow P. First project the two 
lines ac and bd by continuing same below 
the points a and b. These lines will, of course, 
be at right angles to the base line ab. Next 
draw the line {m parallel to ab, and a further 
line np parallel to and distant 3in. from 
lm. The rectangle lmnp produced is, of 
course, a plan view of the prism abcd. Now 
project the line jg intersecting the first 
rectangle at g and 7, thus forming a rectangle 


pa ee 


SIDE ELEVATION END ELEVATION 
PLAN 
Fic. 3 
Ingr, which is a plan view of the prism 


cefg. Further project the line hk intersecting 
the lines Jm and np at the points s and #, in 
this manner forming the rectangle smtp, 


which is a plan view of the prism khjd. 

Finally line in nlmpgqr and st, as in Fig. 3. 
Proceeding to the construction of the third 

view as seen from the direction EE. Continue 


FIG 4. 


the base line ab, and with the point b as centre, 
describe the arc mu, with radius bm. Now 
increase the radius to bp, and with the same 
point b as centre, describe the arc pv. Next 
erect perpendicular lines on the base at the 
points w and v. Further project the lines kj 
and ef by continuing the same to the points 
of intersection x and z. Line in as shown in 
Fig. 3, thus completing the form of the end 
elevation. 

Overall Size of Drawing. In the above and 
following drawings the overall sizes will allow 
reproduction upon a sheet of drawing paper of 
half-imperial size, but students possessing a 
drawing board taking a larger sheet may repro- 
duce the drawings at a correspondingly suitable 
scale. The following list of paper sizes will serve 
as a guide in the purchase of drawing paper to 
cut economically and, at the same time, suit the 
size of board— 


Demy A 2oin. X I5ġin. 
Half-Imperial 22in. X I5in. 
Medium 22 in. X r7hin. 
Royal 24in. X I9in. 
Imperial . 3010. X 2210. 
Atlas 34in. X 26in. 
Antiquarian 5310. X SLIn 


Good cartridge-paper is recommended as being 
suitable for ordinary machine drawings. 


LESSON I 
INTRODUCTORY 


‘Tue Diesel oil engine is now so well established 
in the field of internal combustion prime 
movers, that it can scarcely be looked upon any 
longer as a new development. It seems desir- 
able, however, as a preliminary to a series of 
lessons such as the present, to make some brief 
reference to its inception and early history, since 
its successful introduction may be said to mark 
the commencement of a new era in the develop- 
ment of the oil engine. 

The late Dr. Rudolf Diesel, a German engineer 
of considerable scientific attainments, took out 
his original patent in the year 1892. He had 
made a critical study of the then known forms 
of internal combustion engine and, as a result 
of this, had laid down certain principles which 
were to be applicable to engines using either 
gaseous, liquid, or solid fuel, by which the 
thermal efficiency of such engines could be 
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substantially improved. These may be briefly 
stated as follows— 

I. That the highest temperature in the cycle 
of operations must be that obtained by the 
compression (partly isothermal and partly 
adiabatic) of pure air only, before the introduc- 
tion of the combustible. 

2. That the combustible must be gradually 
introduced into the air, already highly heated 
by compression, in such a finely divided form 
that it would instantly burn, and continue to 
burn at such a rate that the temperature of the 
gases would remain constant during the combus- 
tion period. 

3. That there should be such a large excess 
of air in relation to the amount of fuel burned, ` 
that the combustion temperature would remain 
so low that no water jacket of the cylinder 
would be necessary. Expansion of the gases 
was to be carried on down to the initial pressure 


and temperature. 
Attempts were made to carry out these 


TABLE I 


TYPICAL DATA OF CERTAIN FouR-CYCLE INTERNAL COMBUSTION ENGINES 


Early Heavy 


Type of Engine Gas pee £ Oil Low Diesel 
Compression 
Fuel Town Petrol Petroleum Petroleum 
Gas distillate residual 
Net heat value, in B.Th.U. per lb. of oil or per cub. ft. . 
of gas , x : z ; : 5 515 18,500 18,500 18,000 
Stuff drawn into cylinder Gas-air Vapour-air Pure air Pure air 
i mixture mixture 
Stuff compressed i a Oil vapour = 
and air 
Compression pressure in Ib. per sq. in. 120 85 60 480 
Compression ratio (V,/V., Fig. 1) X 52 43 3'4 14 
Approximate Compression temperature, °F. 570 350 305 960 
Hot surface Heat of 
Method of vaporization = Carburetter | and heat of | compression 
compression 
Method of ignition . Spark Spark S Pe 
Type of combustion Constant Constant Constant Constant 
volume volume volume pressure 
Maximum combustion pressure (approx.) in Ib. per 
sq. in. : $ ; : K o 350 350 130 480 
Mean indicated pressure in Ib. per sq. in. . 95 go 42 100 
Fuel used per b.h.p. hour 19°5 cub. ft. 0°60 Ib. 0°75 1b. 0°42 |b. 
BTN. U per b.h.p. hour . : : , 10,050 II,100 13,400 7,560 
«Thermal efficiency per cent referred to b.h.p. 25°3 22°9 18°9 33°7 
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principles of working, a number of experimental 
engines being constructed, using petroleum oil 
as fuel, though it is to be noted that one engine 


00 Lbs.per Sg. Inch 


efficiency of a Diesel engine is about 80 per cent 
better than that of the old form of oil engine, and 
35 per cent better than that of a good gas engine. 

In amplification of the data 


— 


500 


given in Table I, the character- 
istics of the various types of 


engine are illustrated in Fig. I 


by pressure-volume diagrams all 


drawn to the same scale. These 
diagrams show clearly the rela- 


tive compression ratios (V/V), 


and the two different types of 
combustion, namely, the “ 


| 


esas Sar Ssoe eerie ee ; x 
Gas Light-O!l, Heavy-Oil, Diesel 
(Petrol ) . Early Type, 
Low Compression) 
Fic. 1. TYPICAL INDICATOR DIAGRAMS OF CERTAIN 


FouR-STROKE INTERNAL COMBUSTION ENGINES 


was actually made with the object of using coal 
dust. These early experiments showed the 
impracticability of the cycle of operations as 
first proposed, and resulted in some vital 
modifications being adopted, the main ones 
being that (1) the combustion was carried out 
at a constant pressure (instead of at a constant 
temperature), this involving, of course, a con- 
siderable rise in temperature during combustion 
and the use of a water jacket on the cylinder, 
and (2) the expansion of the gases was taken 
only to a moderate degree, thus keeping the 
cylinder size within practical limits. 

These necessary modifications brought about 
reductions in the theoretical thermal efficiency 
of the cycle of operations, but nevertheless, the 


engine then brought to a state of commercial ` 


practicability had an efficiency far greater than 
that of any internal combustion engine or other 
prime mover existing at that time. 

As a means of illustrating the great advance 
made by the introduction of the Diesel cycle, 
Table I has been prepared, giving some essential 
data of the main types of internal combustion 
engine then existing, together with similar data 
for a Diesel engine. From this it is seen that 
the most vital changes introduced were (1) the 
great increase in compression pressure, thus 
bringing about a great improvement in the 
theoretical and actual thermal efficiency, (2) the 
compression of pure air only, thus permitting 
the use of any desired degree of compression 
without the danger of pre-ignition, and (3) 
ignition by the heat of compression only. It is 
to be noted from this table that the thermal 


combustion of 
the gas, petrol, and early heavy 
oil engines, commonly referred 
to as the “ explosion ” type of 
combustion, and the “constant 
pressure ” combustion of the 
Diesel engine, resulting from the 
introduction of the fuel after the 


con- 
stant volume ” 


gradual 


maximum pressure has been reached. 
The early development of the Diesel engine 
was carried out in Germany by Dr. Diesel and 


Fic. 2. THE First BRITISH DIESEL ENGINE 


certain engineering firms associated with him 
here, and in other countries by firms who took 
up the patent rights, as for instance was done 
in this country by The Mirrlees-Watson Co., of 
Glasgow, which firm, as early as the year 1897, 
constructed a workable engine of 20b.h.p. It 
is interesting to note 
hat this engine is still 
running regularly and 
performing useful work 
at the Mirrlees Works, 
Stockport. Later, and 
especially since 1908, 
when the main patent 
rights ran out, the 
manufacture of the 


GOVERNOR — 


fuer Pomp | 


ow be truly said that 
all modern oil engines 
of any considerable size 
are either true Diesel 
engines or closely re- 
emble them in their 
essential principles of 
working. 

We give in Figs. 2 
and 3 illustrations of 
the first British Diesel 
engine and of a modern 
open type stationary 
engine respectively. 
The latter represents 
what we shall call the 
tandard Diesel engine 
of to-day, and it is our 
urpose, in the follow- 
ing lessons, to describe and explain its prin- 
ciples of working and afterwards, so far as 
Space permits, to refer to some of the similar 
types which have been developed from it or 
have grown up side by side with it. 

Definition of the True Diesel Engine. The 
rue. Diesel engine may be defined as one in 
which the cycle of operations includes the three 
ollowing principles— 

I. Intake and compression of pure air only. 

2. Compression to a sufficiently high degree 
to cause the immediate ignition of the fuel as 
it is admitted by the heat of compression only. 
3. Commencement of fuel injection at or 
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about the point of maximum compression, and 
continuation of injection at such a rate as to 
maintain a constant pressure in the cylinder 
during the process of combustion. 

It may here be observed that the particular 
method by which the fuel is injected into the 


; a VIARTING HANDLE 


VaLVE LEVERS 


Fic, 3. STANDARD OPEN TYPE “ MIRRLEES”’ DIESEL ENGINE. 
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cylinder is not included above as one of the 
essential principles. Two actual methods exist 
at the present time, known generally as “ air 
injection ” and “solid” or “ airless injection,” 
detailed reference to which will be made later. 
Air injection was universally adopted in the early 
days of Diesel engine development, but in recent 
years, after the expenditure of an enormous 
amount of experimental work, solid injection 
has become a commercial rival of the earlier 
system, and there is every prospect that the 
two will continue side by side for a long time to 
come. The point concerning us at the moment 
is that the Diesel engine may employ either. 
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GAS ENGINES AND PRODUCERS 


By ARNOLD RIMMER, B. ENG. 


LESSON I 


THE GAS ENGINE AS A 
HEAT ENGINE 


OnE of the many interesting features of engin- 
eering progress during the last fifty years is, 
undoubtedly, the great development which has 
taken place in the utilization of the gas engine 
as a prime mover. 

Reference to the “ Theory of Heat Engines ’ 
will reveal two facts of outstanding importance, 
viz.— 

I. Heat is a form of energy and hence it may 
be converted into mechanical work. (x1 B.Th.U. 
being equivalent to 778 ft. Ib.) 

2. In any particular engine, it is not possible 
to so convert more than a certain fraction 
(depending on conditions) of the heat supplied 
to the “ working fluid ” (steam, gas, etc.). 

Modern steam engines are, of course, a great 
improvement on those built in the days of 
James Watt, at least in mechanical efficiency. 
But considered from the point of view of the 
conversion of heat into work very few of our 

reciprocating engine or steam turbine plants 
have a “thermal efficiency’’ of more than 
20 per cent. 

Considerations of the processes involved show 
the reasons for this— 

(a) The fuel is first burned in the boiler 
furnace. 

(b) The heat evolved has to be transmitted 
through the “ heating surface ” to the water. 

(c) The steam formed has to be taken to the 
engine through pipes, etc. 

(d) A portion of the heat in the steam is then 
transformed into work. 

There are unavoidable losses at every one of 
the above stages. 

In view of these facts it is not surprising that 
attention has been directed to the possibility 
of burning the fuel in the cylinder of the engine 
itself. By this means the source of energy is 
brought into the closest possible contact with 
the moving parts, and intermediate losses are 
eliminated. 

The principle involved is similar to that of a 
gun, but the intense pressures generated in a 


, 


very short interval of time by modern explo- 
sives, or even ordinary gunpowder, are not 
suitable for driving an engine. The develop- 
ment of pressure must take place rather more 
slowly (by suitable control of the combustion), 
and mechanical considerations set a limit to the 
maximum pressure to be attained. Experi- 
ments have shown that this may be effected by 
the burning of, say, coal gas in the presence of 
a suitable proportion of air. 

Heat Engine Cycles. The series of events or 
“cycle,” which takes place in the gas engine 
cylinder, will be considered in detail later. At - 
the moment it should be borne in mind that 
the process usually involves— 

I. Drawing of the mixture of gas and air 
into the cylinder by the piston moving out- 
wards. 

2. Compressing this “charge’’ into the 
“clearance volume ° (the space between the 
end of the cylinder and the piston when the 
latter is at the end of its stroke) as the piston — 
returns. 

3. Firing of the compressed charge and the ~ 
driving outwards of the piston. 

4. Expulsion of the burnt gases by the piston 
as it once more returns to its starting point. 

The ideal cycle for a heat engine is the 
“Carnot cycle,” in which heat is assumed to 
be all taken in at the maximum temperature 
(Tı), and all that not transformed into work is 
assumed to be rejected at the minimum tem- 
perature of the cycle (7,). The efficiency of | 
this cycle is given by the formula : 


LBs [eR 
Peet a) 33 

Taking into consideration the temperatures 
prevailing in the gas engine (say, 60° F. for the 
mixture drawn into the cylinder and 2,000° F. — 
after explosion), a thermal efficiency of about 
80 per cent is theoretically possible. 

In practice, however, the Carnot cycle cannot 
be fully attained, and the usual basis of gas 
engine working is the “ constant volume cycle,” 
i.e. heat is supplied and rejected while the 
“ working fluid ” is at constant volume. 

For the purpose of comparison it may be — 
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assumed that the “ working fluid ” is composed 
of air only. This constitutes the “ air standard 
cycle,” and is recommended by the Institution of 
Civil Engineers as the most convenient standard 
of reference in connection with the internal 
combustion engine. The pressure volume dia- 
gram of this cycle is shown in Fig. I. 

In view of the heating effect on the mixture, 
of the cylinder walls and the contents of the 
clearance space in the actual engine, itis usual 
to assume the temperature at point (1) to be 
about 600° F. absolute, the pressure being taken 
as that of the atmosphere. 

The compression and expansion are assumed 
to be adiabatic, and the ratios of the two are 
equal. 


Vir Va 
Let Ve = Ve =r 
a T2 Var Lan fee T3 
sra TAUA TAG = T4 
Hence by laws of variation eae 
Tiga tg T3 
Heat supplied = C, (T3= T3) 


Heat rejected = C, (T4= T1) 
-. Thermal efficiency = 7 
CaTa =T) CalTa Ti) 


ColT3 = Ta) 
DA= Ti ; TI 
=e = T= 
Le eee LD os 


-G 


Hence the efficiency of the air standard cycle 
depends simply on the “‘ compression ratio.” 

Taking the value of y for air as 1-4, the values 
of the thermal efficiency for various compression 
ratios are as follows— 


5 


6 | 7 


‘a 


N |0242 0°356 cee 0°475| 0°512| 0*541| 0°602) 0698| 0-791] 0'841 


2—(5462) 


Apart, however, from the mechanical difficul- 
ties of dealing with the intense pressures 
occasioned by a very high compression ratio 
there is actually a limit to the advantage of 
increasing the latter, owing chiefly to the 
increase of specific heat of the gases with higher 
temperatures. In modern engines the com- 
pression rarely exceeds 7:1, and hence the 
theoretical air standard efficiency may be taken 
as 54 per cent. 

Actual Thermal Efficiency. The above effici- 
ency, however, cannot be attained in practice, 
chiefly owing to the loss of heat to the cylinder 
walls. In the actual engine a water jacket has 
to be applied to the cylinder in order to reduce 
its temperature to a value which will permit of 


Pressure 


Volume 
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proper working and efficient lubrication of the 
piston, etc. In other words, a portion (gener- 
ally 30-40 per cent) of the heat supplied has to 
be deliberately sacrificed in putting theory into 
practice. Hence, considering the work done 
in the cylinder, the actual thermal efficiency of 
the gas engine is about 30-35 per cent. 

This is an obvious improvement on the best 
steam engine performance, but, at the same time, 
it must be borne in mind that while the gas 
engine is eminently suitable for powers up to, 
say, 4,000h.p., it becomes very complex if 
higher outputs are required. On the other hand 
the modern steam turbine of, say, 50,000 h.p. is 
comparatively simple in construction and opera- 
tion. Hence the higher thermal efficiency of 
the gas engine is not the only factor which has 
to be considered and, as far as modern develop- 
ments are concerned, there is actually not much 
overlapping of its applications as compared with 
that of the steam-engine. 
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RECIPROCATING STEAM-ENGINES 


By ENGINEER LreutT.-COMMANDER T. ALLEN, R.N. (S.R.) 


LESSON I 
INTRODUCTION 


Tuts series of lessons is designed to present in 
broad outline the principal features of interest 
appertaining to reciprocating steam-engines. 
After a brief review of the outstanding steps 
in the development of the engine, the lessons 
proceed to a consideration of various technical 
factors affecting design, compounding of cylin- 
ders and functions of fly-wheels and governors. 
Further lessons are devoted to a discussion of 
valves and valve gears, safety devices, engine 
details, etc., and information is given with 
regard to the application and choice of prime 
movers, their erection, operation, and testing. 
The questions of steam consumption and thermal 
efficiencies are dealt with separately, and the 
lessons conclude with sections dealing with 
Unaflow, Back-pressure, and Steam-extraction 
engines. 


PRINCIPAL DEVELOPMENTS 

Papin, Savery and Newcomen (1650-1730). 
Although the notion of utilizing the motive 
power of steam can be traced back to the early 
years of the Christian era, no important develop- 
ments in the production of a practical machine 
took place until the closing years of the seven- 
teenth century. About this time, the discovery 
was made, that by the elimination of atmo- 
spheric pressure from beneath a piston, or 
plunger, a partial vacuum could be created ; 
thus enabling the pressure of the atmosphere to 
be utilized in performing mechanical work. 
Papin showed the possibility of creating the 
vacuum by the condensation of steam, and this 
principle was present in the inventions of 
Savery who, in 1698, constructed a machine for 
raising water by the pressure of steam upon its 
surface, and embodying a method of vacuum 
formation by the application of cold water to 
the outside of the containing vessel. Great 
improvements were effected by Newcomen and 
Cawley in their atmospheric. engine which, per- 
fected in 1712, led to the development of the 
modern steam-engine. Newcomen introduced 
a vertical cylinder, and a piston connected by 


chains to one end of an oscillating beam, over- 
head. The other end of the beam was con- 
nected to the vertical rods of a pump which, by 
the adoption of the piston, could be used for 
raising water through any desired height. 
Newcomen also employed a separate boiler to 
generate the steam, and provided automatic 
valve gear to regulate the movements of the 
machine. Water was injected directly beneath 
the piston, so as to create the vacuum necessary 
to enable the pressure of the atmosphere to 
force the piston to the bottom of the cylinder. 

Watt (1736-1819). These achievements were 
greatly advanced by the important discoveries 
of James Watt, who investigated the losses due 
to the cooling of the cylinder walls by the water 
used to condense the steam. These investiga- 
tions resulted in the invention of the separate 
condenser, with an air pump to remove the 
air and water, and to assist in the formation of 
the vacuum. Watt also covered the top of the 
cylinder, and exposed it to steam from the 
boiler, so as to reduce the cooling effect of the 
air, and he effected substantial economies by 
cutting off the steam early in the stroke, and 
utilizing the expansive properties of the steam. 
By 1784, the engine had been made double- 
acting by distributing the steam alternately 
on each side of the piston, and this doubled the 
power of the engine, and achieved greater speed 
regularity. Other improvements due to Watt 
were the use of a stuffing box for maintaining 
the tightness of the piston rod opening; the 
application of a governor for regulating the 
speed, and the use of the “ Indicator” for 
recording the steam pressures in the cylinder. 
Rotary motion was obtained by the application 
of a crank and connecting rod, and the double- 
acting beam engine became applicable to a wide 
range of industrial purposes. 

Basic Principles. It will be seen, therefore, 
that Watt and his predecessors established 
many of the principles which have governed 
the design of steam-engines, even to this 
day, namely— 

(a) The generation of power by the creation 
of a vacuum, and expansion at pressures below 
atmospheric. 

(b) The employment of separate vessels for 
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the generation of the steam (boiler); the 
formation of the vacuum (condenser) ; and the 
expansion of the steam (cylinder). 

(c) The utilization of the expansive properties 
of the steam by cutting off early in the stroke, 
and the possibility of lessening the steam con- 
sumption by reducing the cooling effect of the 
cylinder walls. 

(d) The conversion of reciprocating motion to 
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commenced to increase soon after 1800, and is 
still advancing to-day, when pressures of 
250 1b. per sq. in. and over are sometimes 
employed. Multi-cylinder and “ Unaflow ” 
engines, and the use of superheated steam have 
also been developed in the intervening period, 
chiefly with the object of reducing condensation 
losses, and a great improvement has taken 
place in the application of forced lubrication, 
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FIG. I1. 1501.4.P. MUSGRAVE SINGLE-CYLINDER NON-CONDENSING ENGINE 


rotary motion, and the adoption of details, such 
as automatic valve gear, governors, stuffing 
boxes, indicators, and oil for lubrication. 
Subsequent Improvements. All these features 
are to be found in the modern steam-engine, 
although the beam engine gave way to the 
compact direct-acting type, early in the nine- 
teenth century. Materials and workmanship 
have greatly improved; as will be apparent 
from the fact that an accuracy of -oor in. is 
to-day a common standard, whereasin the earliest 
days, cylinders were not bored, boilers were 
sometimes made of stone and pipes of wood, 
and water was used to maintain the tightness 
of working parts. The gradual improvement in 
technique permitted an increase in boiler 
pressure, which in Watt’s day hardly exceeded 
2 or 3lb. above the atmosphere, but which 


metallic packings, sensitive governors, and 
improved valve gears. 

Modern Engines—Component Parts. The 
application of the basic principles is, in practice, 
attended by a great variation of detail but, in 
general, all steam-engines comprise the following 
component parts— 

I. A cylinder or cylinders in which the energy 
of the steam is transformed into mechanical 
work. 

2. A piston or pistons with piston rods, 
crossheads, connecting rods, cranks, and crank- 
shaft for the transmission of the working forces 
from the cylinders to the crankshaft and the 
conversion of reciprocating to rotary motion. 

3. A frame or frames to take the reactions of 
the mechanism and to afford a means of support 
and connection for the component parts. 
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4. A system of valves and valve-gear to effect 
the automatic admission, expansion, and evacua- 
tion of the steam. 

5. A governor to regulate the speed of rota- 
tion, and a fly-wheel to reduce the cyclical speed 
fluctuations. 

These details may be modified in particular 
cases, e.g. locomotive and marine engines in 
which neither governor nor fly-wheel is fitted, but 
the supply of steam is regulated by hand to suit 
the demands of the moment, and adequate 
steadiness of motion is secured, in the one case 
by the heavy mass of the locomotive, and in 
the other by suitable disposition of the cranks. 
Similarly, the engine may be provided with 
condensing plant to enable the expansion to be 
continued to sub-atmospheric pressures, or the 
steam may be exhausted against atmospheric or 
some high pressure, if use can be found for the 
heat of the exhaust steam. Many additional 
details are incorporated in the complete design 
of modern high-class steam-engines, amongst 
which may be mentioned— 
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Metallic packings for maintaining the tight- 
ness of the piston rod openings. 

Automatic cylinder lubrication, and forced 
lubrication of the principal working parts. 

Adjustable shells or “ brasses ” for the main, 
crosshead and crank-pin bearings. 

Safety and relief valves, warming connections, 
thermometer pockets, drain and indicator con- 
nections, non-conducting coverings, and steel 
laggings for the cylinder. 

The disposition of many of these parts will 
be apparent from Fig. I, which is taken from 
a photograph of a modern single-cylinder 
engine of about 150 ih.p., speed 200 r.p.m., 
and steam pressure 150 lb. gauge, superheated 
to 520° F. This engine was designed to 
drive an electric generator, and to exhaust 
steam at pressures between I and 28 lb. 
gauge for heating and domestic purposes. The 
arrangement of the component parts will 
also be illustrated in greater detail in the 
diagrams and photographs included in future 
lessons, 
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STEAM CONDENSING PLANT 


By Joun Evans, M.Ene. 


LESSON I 
INTRODUCTION 


Function of the Condenser. The steam conden- 
ser is a very important part of most plants 
designed for steam utilization, but it is in the 
economical generation of power that the con- 
denser is of primary importance, especially with 
the more recent developments of the steam tur- 
bine. In all types of prime movers, the work 
done by the steam is, neglecting losses, the 
mechanical equivalent of the heat given up by 
the steam, while its pressure is reduced from 
initial to exhaust pressure. The lower the 
exhaust pressure, the greater will be the work 
done per lb. of steam, and the function of the 
condenser is to maintain at the exhaust branch 
of a prime mover, a pressure less than that of 
the atmosphere. 

Since steam at a pressure of x lb. per sq. in. 
absolute occupies 20,800 times the volume of the 
water from which it was generated, it follows 
that if the steam is condensed in a closed vessel, 
a partial vacuum will be formed, which can be 
further increased by removing any air which 
entered with the steam or leaked into the system. 

The amount of heat to be abstracted to effect 
condensation will be exactly equal to the latent 
heat required for evaporation at the temperature 
corresponding to the pressure in the condenser, 
and the abstraction of heat can be effected, 
either by direct contact, in which case cold water 
is mixed with the steam, or by the transmission 
of heat through a condensing surface, in which 
case the steam and water never mix. 

Relation Between Vacuum and Absolute Pres- 
sure. The pressure exerted by the atmosphere 
is 14:7 lb. per sq. in., which is equivalent to that 
exerted by a vertical column of mercury 30 in. 
in length. Thus an absolute pressure of I lb. per 


sq. in. corresponds to a pressure of I X oe = 
2-04 in. of mercury, or a vacuum of 30 — 2:04 = 
27-96 in. of mercury. 

Importance of High Vacua for Turbines. 
The efficiency of a steam turbine depends to a 
greater extent on the pressure at the exhaust 
branch, than upon the high pressure conditions 
at the steam inlet. This may be emphasized by 


an examination of the curve, Fig. 1, which gives 
the relation between the steam consumption of 
a turbine and the vacuum at the exhaust branch ; 
initial steam conditions being 200 Ib. per sq. in. 
gauge, 200° F. superheat, a turbine efficiency of 
75 per cent being assumed. It will be observed 
that by increasing the vacuum from 27 in. to 
29 in., the steam consumption per kilowatt-hour 
is reduced from 12:56 to 10-86 lb. or 13:3 per 
cent, while in order to effect a similar saving at 
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the high pressure end, the vacuum remaining 
at 27 in., the steam pressure would have to be 
raised to approximately 350lb. per sq. in., 
250° F. superheat. 

Classification. Steam condensers may be 
classified as folows— 

I. Surface condensers. 

2, High and low level jet condensers. 

3. Ejector condensers, and 

4. Evaporative condensers. 


SURFACE CONDENSERS 


The primary functions of a surface condensing 
plant as applied to a power installation are— 

(a) To reduce the exhaust steam pressure by 
condensation. 

(b) To return to the boilers the water of 
condensation (condensate) at the maximum 
possible temperature. 

(c) To remove air and incondensable gases, 
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The extraction 


exhaust branch by the expansion joint J, which 
is designed to take up any expansion between 


the turbine and condenser. 


thus ensuring an air-free feed supply and pre- 
venting corrosion of economizer and boiler 


tubes. 
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bottom of the condenser, delivering it to a hot- 
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water is circulated through the condenser by the 
pump P, the water entering at A and leaving at 
B. These pumps, which are of the centrifugal 
type, are both driven by the motor. The air 
extracter D is of the two-stage steam jet type, 
and will be described later. Should the vacuum 
in the condenser be destroyed by the failure of 
either the circulating pump or air extractor, the 
atmospheric exhaust valve V opens, and allows 
the turbine to exhaust to atmosphere. 

The surface condenser Fig. 3 consists of a 
bank or series of banks of brass tubes contained 
in a cast-iron or steel shell, fitted at the ends with 
brass tube plates into which the tubes are 
secured by screwed ferrules, Fig. 4. Steam to be 
condensed is admitted into the shell, and on 
coming into contact with the tubes through 
which cold water is circulated, condenses, falls 
to the bottom, and is extracted. 

Since the condensate and cooling water never 
mix, the former, which is practically air free and 
consequently not liable to set up corrosive 
action, is a suitable boiler feed. The ends 
of the shell form water boxes across which 
diaphragms are placed, which direct the water a 
definite number of times through the condenser 
before leaving, thus ensuring that the water is 
raised in temperature to the maximum possible 
degree. As it is more often convenient to erect 
the condenser underneath the turbine, this 
arrangement minimizing the drop in vacuum 
between the two, the steam inlet branch is at 
the top, and so arranged to allow free penetra- 
tion of the steam over the entire length of tubes. 
A percentage of the tube surface (4-8 per cent) 
is baffled in the case of high vacua condensers, 


to form an air cooler or devaporizing chamber, 
the air being withdrawn near the bottom at the 
coldest possible temperature, usually about 
5° F. above the cooling water inlet temperature. 

Arrangement of Tubes. The arrangement of 
the tubes is of the greatest importance, as it 
affects the efficiency of the condenser to a 
marked degree. Free accéss of the steam to the 
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centre of the condenser may be provided by 
lanes as shown. While the cylindrical conden- 
ser provided with steam lanes is satisfactory in 
operation, the resistance to the flow of steam 
caused by the tubes is minimized by the adop- 
tion of a wide shallow shell, the pitch of the 
tubes being made greatest at the top and gradu- 
ally decreasing to the bottom of the condenser, 
In other designs, the flow area is gradually 
reduced to allow a constant steam velocity 
through the condenser. This ensures that all 
the tubes are swept with steam, and air pockets 
which reduce the rate of heat transmission 
through the tube walls are eliminated. 
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PUMPS: CONSTRUCTION AND MAINTENANCE 


By Owen A. Price, M.I.Mrecu.E. 


LESSON I 
INTRODUCTION 


Many water-raising appliances are crude con- 
structions, built up from local material and 
certain other small forms in common use, such 
as hand-operated, animal-worked, and wind- 
driven pumps, belong to a special category of 
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commercial commodity constructed primarily 
to withstand rough usage, and to give good ser- 
vice without skilled attention. 

In the present articles particular attention 
will be given to accepted types of pumping 
machinery which have been developed with due 
regard to theoretical principles and practical 
convenience, and which have become more or 


less standardized products of mechanical engin- 
eering workshops. 

Action. All pumps are machines for the 
transport of fluid or semi-fluid. The move- 
ment of the fluid may be effected in several 
ways, such as— 

1. By means of a reciprocating plug or dis- 
placer, operating within a cylindrical barrel, as 
in plunger, piston or bucket pumps. 

2. By an oscillating, or rotating, blade, or a 
pair of meshed wheels or drums, working within 
a casing, as in semi-rotary or rotary pumps. 

3. By a quickly revolving vaned wheel as in 
centrifugal pumps. 

4. By a current of steam, air or water as in 
injectors, air-lift pumps, water-jet pumps, and 
hydraulic rams. 

5. Or, by the direct pressure of air, gas or 
steam, as in pulsometers and explosion pumps. 

Classifications. No useful purpose would be 
served by attempting a full classification. 
Generally speaking, however, pumps may be 
grouped into two main divisions, distinguished 
by the presence or absence of valves in the 
appliance, with the characteristic difference in 
behaviour that the one type causes an inter- 
mittent flow whilst the other type produces a 
continuous stream of fluid. Thus, piston pumps, 
hydraulic rams, and pulsometers require valves, 
and give an intermittent flow, whilst centrifugal 
pumps, water-jet pumps, steam injectors, and 
air-lift pumps do not require valves, and give a 

continuous flow. 

A distinction of greater interest to designers 
is that certain types of pumps are, in themselves, 
positive as regards the amount of liquid they 
will deliver, whilst other types are indetermin- 
ate, in that the rate of delivery is dependent not 
so much. on the pump itself as upon the condi- 
tions of the pumping levels, piping arrangements, 
etc., at the site. For example, every time a 
revolution is completed a piston pump actually 
forces a definite volume of water against what- 
ever resistance exists, and its rate of delivery is 
therefore directly proportional to its speed ; a jet 
pump, however, is not positive, but induces a 
rate of discharge which is determined by the 
total resistance to flow, that is to say, the 
quantity discharged depends upon influences 
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quite external to the pump itself. From this 
_ point of view, the problem of providing appara- 
tus to cause a definite quantity of liquid to flow 
to a required point presents a very different 
aspect, according to the type of pumping device 
selected. 
_ For the purpose of discussing the application 
of the principles of fluid flow, and the forces 
which a pumping machine is called upon to 
resist, it will be found convenient to consider 
the broad classes— 

Reciprocating pumps and Centrifugal pumps, 
and then to deal with other important forms 
as types in themselves. 
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RECIPROCATING PUMPS 
VARIOUS TYPES AND DEFINITIONS 


Lift Pumps. The familiar hand-operated 
cottage pump represents the elementary type 
of lift pump, or bucket pump, and in all essentials 
many large deep-well pumps and mine pumps 
are practically identical. A bucket is a piston 
with a waterway passing through it, and with 
a valve on the piston arranged to open or close 
the waterway. The lift pump shown in Fig. 1 
consists of a working barrel, a reciprocating 
bucket, and a suction valve at the foot of the 
barrel. On the downward stroke the suction 
valve is kept closed by the pressure of the water 
upon it, whilst the bucket valve opens and the 
water passes through the bucket. No work is 
done during this downward stroke. On the 
upward stroke the bucket valve is kept closed, 
and the whole column of water above the bucket 
is lifted. At the same time the suction valve 


opens, and the water flows into the working 
barrel under the action of the vacuum created 
by the ascending bucket. Thus, all the useful 
work is done during the upward stroke of the 
pump. 

When the total vertical height of “ lift ” above 
the bucket is very small this type of pump is 
known as a jack pump or, more commonly, as a 
suction pump, chiefly because most of its work 
is then done by suction, and also in distinction 
from other types known as suction and force 
pumps, in which work is done against vacuum 
during one stroke and against pressure during 
the following stroke. 
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It should be noted that a bucket pump has 
single-acting properties only, and that a true 
lift pump requires no valve on the delivery pipe. 

Force Pumps. The lift pump illustrated in 
Fig. r has a vertical ascending delivery pipe, 
forming an extension to the working barrel. 
Such an arrangement would not always be con- 
venient. By providing a cover at the top of 
the working barrel, and a stuffing box for the 
pump rod, as shown in Fig. 2, the delivery pipe 
may be led away at any desired angle. Such 
a delivery pipe, being naturally smaller in dia- 
meter than the working barrel, would probably 
be fitted with a delivery valve, and also an air 
vessel to steady the rate of discharge. The 
pump so converted would be a bucket force 
pump, and in this form the device possesses 
much greater usefulness, because the delivery 
pipe becomes a pressure pipe and may be con- 
ducted to any situation where water is required. 
It might appear that the delivery valve in 
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Fig. 2 is superfluous, but a moment’s considera- 
tion will show that the air vessel cannot satis- 
factorily fulfil its purpose towards the delivery 
water column without the valve. Another 
effect of the delivery valve is that the alter- 
nating loads on the suction valve are very much 
lighter than without a delivery valve. 
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FIG. 5. 


Bucket pumps are only employed as force 
pumps when the delivery pressure is moderately 
low, the more usual form being the vam or 
plunger pump, shown in Fig. 3. This type is 
freqtently referred to as single-acting, because 
only a single end of the reciprocating member 
(the plunger) is actually employed for pumping. 
It should be noted that, whereas the bucket 
force pump (Fig. 2) requires three valves, the 
plunger force pump (Fig. 3) only requires two, 
and, as a result, there is a difference in the 
working cycle. 

On the outward stroke of a plunger pump 
water is drawn in through the suction valve, 
and during the inward stroke is forced out 
through the delivery valve, useful work being 
done throughout both strokes. 

Double-acting Pumps. The reciprocating 
member of the plunger pump being solid it is 
obvious that the two ends may be employed 
simultaneously for pumping water. By setting 
two plunger or ram pumps end to end in axial 
line (Fig. 4) a double-acting ram pump is formed, 
and by shortening the rams to the thickness of 
a disc the double-acting piston pump (Fig. 5) is 
produced. The working cycle for each ram, or 
for each side of the piston, is identical with that 
just described for the single-acting plunger pump. 

Differential Pumps. An interesting type 
which possesses both single-acting and double- 
acting properties is known as a differential 
pump, because its action depends upon a 
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difference of area on the two sides of the reci- 
procating member. 

The object in view is to obtain a more equal 
distribution of work throughout the cycle of 
operations of bucket pumps, or of single-acting 
force pumps, and at the same time to produce 
a more uniform rate of delivery in the discharge 

ipe. 

$ The general method followed, is to cause the ' 
pump to suck in water on one stroke, but to 
deliver during both strokes. The example — 
in. Fig. 6 will suffice to explain the prin-~ 
ciple of all differential pumps. This variety ` 
is sometimes known as a piston and plunger 
pump, the plunger being, in fact, an enlarged ~ 
piston rod with a cross-sectional area equal to — 
half the area of the piston. A water passage 
leads from the delivery pipe to the top (half ` 
area) of the piston. On the downward stroke ~ 
water is driven from the underside of the piston, 
half of it passing into the delivery pipe and the 
other half to the top of the piston. On thee 
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upward stroke the half-volume above the piston 
is expelled into the delivery pipe, whilst a fresh 
charge is sucked in below the piston through the 
suction valve. l 
Other varieties of differential pumps, similar 
in their behaviour, are known as bucket and 
plunger pumps, and plunger and plunger pumps. 
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PATTERN-MAKING AND FOUNDRY WORK 


By J. McLacuian and C. A. OTTO 


LESSON I 


THE art of founding or casting fluid metal is of 
great antiquity. When or where it was first 
practised is uncertain, but the Egyptians of the 
first dynasty were undoubtedly familiar with 
the practice about the year 5,500 B.c. In 
addition to the ancient Egyptians, the Chinese, 
Hindus, Greeks, and Romans possessed no mean. 
ability in the art, according to the many fine 
specimens of their work that have been found 
from time to time. The methods adopted to 
produce moulds in those days can only be con- 
jectured, but there is sufficient evidence to show 
that considerable inventive genius was involved, 
-and ancient moulders must have been possessed 
of much skill, whatever the process adopted. 
There are not the facilities for the same crea- 
tive ability among moulders of to-day ; patterns 
as a rule are supplied from which moulds are 
made, but skill and initiative are needed to at 
least an equal degree as in less modern times, in 
order to produce the wide variety of castings 
that modern conditions demand. 

The primary work in the foundry is the 
melting of metals, the making of moulds into 
which the fluid metal can be cast, and the clean- 
ing or fettling of the resulting castings. By far 
the greater amount of work is involved in mak- 
ing the moulds, and it will be as well, at the 
outset, to consider the materials used for this 
purpose. 

Moulding Materials. Despite its apparent 
weakness and friability, sand is the most com- 
mon of materials for making moulds. It is the 
most important of moulding materials, and 
success in the production of sound castings 
depends to a great extent on its correct composi- 
tion. Sand, when properly constituted, has 
those properties which render it suitable for 
making moulds of the most delicate and intri- 
cate design, or for the largest work. Its useful- 
ness depends upon certain physical qualities 
which it possesses, and which are essential 
requirements. Moulding sand is refractory. It 
is plastic and, if reasonable precautions are 
taken in the preparation of a mould, it will 
withstand the rush and pressure of the metal 
during the time of pouring, and when moulded 


into almost any shape it is not influenced by the 
fluid metal to such an extent as to destroy the 
shape given to it. It is porous and will allow 
air and gases generated during the time of 
casting to escape. In addition to these quali- 
ties, sand is to be found in abundance and it is 
cheap. 

Composition. Moulding sands consist of 
silica or quartz and clayey matter, but in its 
natural condition, lime, magnesia, iron oxide, 
and alkalies like potash and soda are also present. 
These are in the nature of impurities and 
materially reduce the refractoriness of a sand. 
While both silica and clay are capable of with- 
standing a high temperature, silica will not 
bind; on the other hand, clay is not porous. 
Thus, a moulding sand consists mainly of silica 
with the addition of sufficient bond to render it 
plastic and give it strength without affecting its 
porosity to any considerable extent. 

Fineness. The texture of a sand has much to 
do with its porosity, a coarse-grained sand being 
more porous than a fine-grained sand, other 
things being equal. This is due to the fact that 
a mould formed from a coarse-grained sand has 
larger pores than a fine-grained sand and, under 
similar conditions, would allow more gas to 
escape. The texture of a moulding sand is 
generally varied according to the intricacy and 
size of the work to be cast, a coarser-grained 
sand being used for large work. 

Varieties. Large quantities of suitable varie- 
ties of moulding sands are obtainable in this 
country, Erith, Mansfield, Birmingham, Shrop- 


shire, Yorkshire, Falkirk, Clyde Walley rock +— 


sand and Belfast red sand being but a few. 
There are considerable differences in the charac- 
ter and quality of the various sands. Some 
contain a greater proportion of fusible impurities 
than others, which reduce their value for moulds 
that are to receive metal at a very high tempera- 
ture. Some are strong and plastic in contrast 
to others that are weak. The texture of these 
sands also varies. These sands are usually 
referred to as naturally bonded sands, but other 
sands, such as silica sand, sea sand, sharp sand, 
or river sand, that are practically free from 
natural bond, may be used either for weakening 
a strong sand or for use with an artificial bond. 
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Artificial bonds have a very special value in 
moulding sands, because they carbonize in the 
presence of the hot metal, and this opens the 
texture of the sand and increases the venting 
facilities ; furthermore, when the bond is burnt 
out, the sand being weak runs from the casting 
readily. 

Permanent Moulds. The use of sands for 
moulds has one important disadvantage in that 
it necessitates the preparation of a new mould 
for every casting produced. This is a decided 
drawback, when dealing with work of a repeti- 
tion character, and efforts have been made from 
time to time to prepare moulds of a suitable 
material, which will preserve its shape sufficiently 
to enable the casting of a quantity init. These 
are in the nature of permanent moulds, the 
expression being used in a comparative sense. 
Metal is used in the making of the majority of 
these permanent moulds, particularly for those 
metals which melt at a low temperature, such 
as zinc alloys, aluminium, and even brass. 
Force is applied either by means of a plunger, or 
by a considerable head of metal, in order that 
the mould may be completely filled. These 
moulds are usually constructed of iron and entail 
considerable expense in their construction, great 
care and accuracy being necessary in assembling 
the mould, so that the casting made in it can 
be quickly extracted, directly the metal has 
solidified and without injury to either mould or 
casting. Owing to the elaborate nature of the 
moulds, and the high cost of their production, 
their usefulness is limited to small work for 
which hundreds of similar castings are required. 
The use of iron moulds is limited in its applica- 
tion for cast iron, although they are used in 
casting the junction pieces of iron bedsteads, 
and even for small castings involving sand cores. 
Metal moulds make the cast iron hard and 
brittle. This action is somewhat mitigated by 
heating the mould and removing the casting 
directly it has solidified. 

Moulds for Chilled Castings. Moulds consist- 
ing partly of metal and partly of sand are fre- 
quently prepared for iron castings. The chilling 
action on the metal caused by the iron gives the 
castings a very hard-wearing surface, and advan- 
tage is taken of this peculiarity for certain 
castings, which require such surfaces. The tread 
on rail truck wheels, stone crushers, rolls, etc., 
are frequently treated in this way, a cast-iron 


mould being used for the part to be chilled, 
the remaining part of the mould consisting of 
sand. The metal moulds or chills, as they are 
called, are usually of heavy section to prevent 
fracture due to the heat, and also to absorb the 
heat from the molten metal quickly, and thus 
chill the casting. Sometimes chills are made 
hollow for water cooling, and the surfaces to 
receive the metal are generally coated with some ~ 
refractory material to prevent direct contact 
with metal. 

Facings. Although special mixtures of sand 
may be used to form the face of a mould, special 
facings are also frequently used to give a good — 
skin to the castings and to cause the sand to 
peel from them more readily. These facings 
give a smooth surface to the mould and enable 
the metal to flow better. They also form a 
protective coating between the sand and metal, - 
thus reducing fusing action with impurities that 
may be present in the sand. They are either 
dusted on to moulds or applied as a wash or 
paint. Moulds for steel castings are usually 
dusted with either flour silica or graphite, or a 
combination of the two, when a dry facing is 
used, and silica paint if a wet facing is preferred. 
The latter is simply flour silica mixed with water 
to the consistency of cream, to which a bond 
like china clay has been added, so that the | 
facing will adhere to the mould when the 
moisture has been evaporated from it. Steel 
moulders’ compo, to’ which reference will be 
made in a subsequent article, is sometimes 
thinned with water and applied as a wash or 
paint for heavy work. 

Graphite is more frequently used where 
desirable for cast iron, although coke dust and 
charcoal are also used. The wet facing for this 
work is generally referred to as blackwash, and 
consists of mineral carbon to which a bond has 
been added and mixed with water. The quality 
of blacking used is important in obtaining a 
satisfactory face on the casting. 

Flour is frequently used to dust on moulds for 
brass, but graphite and soapstone are as good, 
especially for heavy work. Either graphite or 
soapstone or both combined, bonded and 
mixed with water are suitable as wet facings. 
for brasses and bronzes. For moulds to re- 
ceive aluminium dusted soapstone is usually 
preferred when a facing is considered to be 
necessary. 
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By JosepH G. Horner, A.M.IMECH.E. 


LESSON I 
ASPECTS OF THE SUBJECT 


The Conception of a Machine Tool. In all this 
immense group comprising vastly diverse forms, 
the central, object is the tool around which the 
machine is built. It is often very diminutive 
while its machine is very massive. The only 
archaic types were the pole lathe and the drill 
press: none of the machines with which we are 
familiar came to birth until the early years of 
the nineteenth century. Many are but of 
yesterday. The machine provides what the 
unassisted hand lacks, power, and precise con- 
trol to the tool, by which the output is increased 
many hundreds of times with exact and positive 
results. 

Movements. The essential movements of all 
machines are rotational, or linear, or they 
comprise combinations of the two. Under 
these heads, machines that fulfil very diverse 
functions might be conveniently grouped and 
classified. Another striking aspect which they 
present centres in the tool equipment. A single 
tool only was held and operated in the older 
machines, and the same practice is retained in 
the larger number of designs now. But deep 
inroads are being made on this old conservative 
practice in the multiplication of tools, and of 
tool-holding, and work-holding slides and 
spindles. Some lathes will carry a dozen tools 
cutting simultaneously, or in quick succession. 
Many drilling machines will pierce from twenty 
to forty holes at one time. Later automatics 
will have four or five spindles running, each with 
its different piece of work, or of separate tools 
operating at once. In such machines, which 
become increasingly numerous, the attendant is 
occupied solely and busily in supplying the 
machine with stock, and removing finished 
pieces. And often even this makes too great 
demands on his activities, and automatic feed- 
ing chutes relieve him of this task. Automatic 
movements are extended in diverse directions 
to provide new presentations of the work to the 
tools, or of tools to the work, to change the 
direction of tools, to alter rates of speeding 
or of feeding, to prevent the simultaneous 


engagement of motions that would be mutually 
destructive, and to give permanent records of 
results that are produced by the machines. 

Universal and Specialized Machines. A 
marked difference between present-day tenden- 
cies and those of the past is apparent in the 
lessening favour with which machines that com- 
bine many functions are regarded, and the 
accelerated growth of the specialized designs. 
No universal tool can operate with the economies 
that are possible with those, the functions of 
which are limited either with regard to the time 
occupied, or the degree of accuracy attainable. 
The difference is apparent in every one of the 
great groups, most notably in the derivatives 
from the older tools, the lathes and drilling 
machines, but very marked in others, as the 
numerous grinders, milling machines, and gear 
cutters. In all directions, specialization is 
dominating design and manufacture, and the 
tools of many functions of which our fathers 
were so proud are disappearing, except from the 
smaller general, and repair shops, and tool 
rooms. 

Similarities in Diverse Machines. An obvious 
aspect of recent developments is the repetition 
of similar elements in machines having diverse 
forms and functions. The all-geared heads, 
introduced for the lathes reappear in several 
other machine tools. The sections of beds also, 
the outlines of legs, standards, framings, pro- 
visions for the supply, distribution, collection 
and purification of lubricants, and cooling 
liquids, the control of slides, the forms of 
spindles, and their journal bearings, provisions 
for taking up wear, the immense growth of ball | 
bearings, methods of effecting speed and feed 
changes, and reversals, all these are familiar on 
machines of very diverse types. 

Abandonment of Conservative Practice. In 
a modern shop, the management is concerned 
with results instead of being biased with pre- 
conceived views concerning the appropriation of 
certain classes of work to particular machines. 
Cylindrical forms are not always sent to the 
lathe, nor are holes always made or finished with 
a rotating tool. Linear surfaces are not invari- 
ably planed or shaped with single-edged tools, 
nor are key grooves always slotted. Intense 
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rivalries now exist between turning, boring, 
grinding, slotting, and broaching; between 
planing, milling, and grinding ; between rotating 
and planing tools. And, more than this, the 
tooling of work is very often now subdivided 
between machines of wholly different charac- 
ters, being roughed in one, and finished in 
another of a different class, or bored in one, and 
turned in another, or roughed in one and finish- 
ground elsewhere. Always, the results to be 
achieved are not determined by a consideration 
of whether an operation can be performed in a 
machine, but whether the employment of 
another, or a separation of tasks may or may 
not conduce to greater economies of time, or 
secure closer degrees of accuracy. Broad views 
and lengthened experience are required for the 
organization and management of these prac- 
tical details. 

General Proportions of Machines. The out- 
lines and proportions of machine tools reveal 
immense advances on those of their very recent 
predecessors. The matter is not entirely that 
which is vaguely associated with the terms 
“extra strong,” “extra heavy,” and soon. It 
includes that, but much more. It is a judicious 
proportioning of strength to stress in all vital 


parts. It affects framings, spindles, work 
tables, tool holders, and their supports, the 
fitting of supports to overhanging arbors, the 
bracing of knees, steadies for grinding machines, 
enlargements of journal bearings, of drilling 
spindles, and of milling cutter arbors. This 
development is assisted by a strengthening of 
the materials of which machine elements are 
built, which have shared in the general metal- 
lurgical advances of engineering. Except for 
main framings cast iron is little used. Many 
small parts, spindles, and most gears, are made 
of alloy steels, heat treated, as are ball-bearings. 
For larger parts mild steel with a high carbon 
content—the tool steel is used. Rigidity and 
strength of parts are increased, and wear is 
delayed. At the same time, more refined and 
precise methods of taking up wear are intro- 
duced, without which the accuracy of the work 
produced would be impaired. 

Another aspect, important from the point of 
view of workshop arrangements, is that between 
massive and light machines. In some shops, 
one class will greatly predominate, but generally 
each will be represented in not very unequal 
proportions, and this difference gives rise to 
problems for the management to solve. 
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By JOsEPH G. Horner, A.M.I.MeEcu.E. 


LESSON I 


Definitions. The operations which these terms 
denote are now being obscured in many shops by 
the immensely larger sphere that is occupied by 
the assembling methods. This is a result of 
the rapid growth of the system of interchange- 
ability of similar parts, which is essential to the 


production of mechanisms in large quantities. 


Barely a generation since, this method of mass 


Unit Production. But what can be, and is 
regularly done in the more advanced shops, is 
to subdivide the work into units, in the smaller 
of which mass production is practicable. And 
thus," many firms now assemble certain of the 
smaller vital elements in units, to be taken from 
stores, and placed in their due locations in the 
large mechanism by the erectors. Among the 
commonest of these units are nests of gear 
wheels for effecting speed and feed changes, 


Fic, I. VIEW IN FITTING AND ERECTING SHOPS OF Messrs. Broom & WADE, 
LTD., ENGINEERS, HIGH WYCOMBE 


production was in its infancy. It has been 
fostered and developed mainly by the pheno- 
menal demands for motor vehicles, for the 
smaller machine tools, electrical apparatus, 
typewriters, cash registers, and, in fact, in 
varying degrees for all mechanisms of moderate 
dimensions for which there is a large demand. 
These are the essentials, wanting which the 
work of the skilled fitter and the erector is 
still necessary, as of old. A strict inter- 
changeable system cannot be applied to the 
building of heavy machine tools, to the large 
marine engines, Jocomotives, cranes, and similar 
erections. 


mounted in their closed casings with their 
shafts, bearings, clutches, and provisions for 
automatic lubrication. And, in order to lessen 
the number of minute and useless differences 
that are commonly made by designers and 
draughtsmen in details that are only of minor 
importance, some standardization is imposed in 
all modern shops. By eliminating all unneces- 
sary variations, and substituting a small num- 
ber of standard sizes, from which selection is to 
be made, and rigidly insisted on, a vast amount 
of unnecessary machining and fitting are saved. 
Then, on a group of related machines of different 
sizes, but not greatly varying, a standard 
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element of one 
size will be used, 
a spindle, a gear, 
or nest of gears, 
a clutch, a lever, 
a key, and the 
efficiency of the 
machine, engine 
or crane will not 
be lessened in the 
least degree. The 
time of the de- 
signer is econ- 
omized, and ex- 
pense, delays, and 
irritations in the 
shops are avoided, 

The Stores. It 
is necessary to 
store the smaller 
units in large 
numbers, all 
pigeon-holed and 
indexed, ito ipe 
taken out without delay when required. As 
main framings would often occupy large 
storage spaces that might not be avail- 
able, a lesser number of these is prepared 
and stocked, estimated for probable deliveries. 
In a rapid run of orders the stores will become 
depleted, to be renewed during a period of slack- 
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Fic. 3. View IN ROUGH Stores or Messrs. BROOM & WADE, LTD., ENGINEERS, 
HicH WYCOMBE 
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View IN Toot Room or Messrs. BRoom & WADE, LTD., ENGINEERS, 


HicH WYCOMBE 


ness. 
tools especially, differences in framings or bed 
lengths are called for which prevent the accumu- 
lation of large stocks of these. But the cardinal 
units are not affected. 
there are two classes of stores, those for rough, 
that is untooled castings and forgings, and the 
stores for finished 
products. 


ately, and every 
item is booked in 
and out. 

Limits and 
Tolerances. When 


definite dimen- 
sions, the system 
of limits and the 
interchangeability 
of parts becomes 


entails working 
with fixed gauges. 
The practice in- 
cludes all kinds of 
machined work, 
shafts, holes, 
gears, screw- 
threads, keys, 


In some classes of manufacture, machine — 


In an orderly factory 


These > 
are housed separ- 


articles are stand- . 
ardized in a few 


essential, and this — 


O 
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cotters, spindles, tapers, pulleys, couplings, 
clutches, chain drives, and indeed, every 
mechanism, and every item produced in large 
quantities. The war was a terrible power 
in quickening the adoption of interchange- 
able methods, since parts made in many 
shops widely apart and in different coun- 
tries, were required to fit each other with 
minute tolerances. The men, or frequently, the 
girls, who assemble the parts for the smaller 
mechanisms are not fitters. A very brief train- 
ing is sufficient to enable them to acquire the 
skill, the quickness of vision, the deftness of 
hand that alone are necessary for their tasks. 
But the fitter is a highly-trained mechanic, the 
product of years of apprenticeship. He is, even 
more than the pattern-maker or the machinist, 
the embodiment of the working engineer; a 
man who has to cope with unexpected difficul- 
ties and emergencies, able to deal rapidly with 
sudden breakdowns, and to possess a wide range 
of knowledge and experience in more than one 
section of engineering practice, though perhaps 
ranking as a specialist in one, or two. He 
should also have a good grip of the scientific 
principles that lie at the basis of the practice. 
But men of this.stamp become more scarce as 
time goes on, because so much of their work has 
been invaded and appropriated by the later 
developments. 

The Distinction between Fitters and Erectors. 
The fitter often combines the tasks of the erec- 
tor with those that are his own. It must be so 
in the smaller shops and in those of moderate 
extent. But asa general rule, and always when 
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the erections are massive, the two classes of 
work are carried through by different sets of 
men, even though they have had the same 
apprenticeship training. The broad distinction 
between the work of the two is, that the fitter 
prepares the separate elements, and the erector 
fixes them in their due positions, and so builds 
up the complete structure. The first deals with 
relatively small parts, the second with massive 
mechanisms. The fitters will prepare the por- 
tions of a crane, the erector will build them up. 
The fitter will complete a set of valve gear, but 
the erector will fix it in the framings. In 
girder work, the fitter will have sundry brackets 
and bearings completed, ready for the erector 
to align, and bolt or rivet correctly on the 
girders. The erector is charged with the equip- 
ment of mills and workshops, locating bearings 
for lines of shafting, parallel or at right angles. 
Tasks of this kind demand a fair degree of skill. 
and some knowledge of geometry, and the larger 
the erections the more difficult does it become 
to ensure that all parts, though separated widely, 
and often not directly associated, shall occupy 
their correct relations of alignment, horizontally, 
vertically, or at angles. 

Fig. 1 is a view taken in the fitting and erect- 
ing shops of Messrs. Broom &- Wade, Ltd., of 
High Wycombe. Fig. 2 is taken in their tool 
room, where the work is wholly that of skilled 
craftsmen, and Fig. 3 is taken in the rough 
stores containing the sets of castings before 
they are taken into the shops. The class of 
manufacture done is that of vertical air com- 
pressors. 
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JIGS AND TOOLS 


By Leo KELSEY 


LESSON I 
GENERAL PRINCIPLES 


Objects. Uniformity is essential in any product 
which is manufactured in large quantities. 
Tools, fixtures, jigs,.and gauges are some of the 
mechanical devices used in engineering to 
obtain this condition. No two men do the 
same job in exactly the same way, and there- 
fore get the same result—the elimination of their 
difference is the aim of the jig and tool designer. 

Interchangeability. In the quantity produc- 
tion of any article or component, it is essential 
that all the dimensions of the said component 
are regulated and under control. As it is 
impossible to produce any two or more com- 
ponents exactly alike, even with the most per- 
fect machinery obtainable, a difference in 
dimensions has been standardized under the 


name of “limits.” This term covers two 
further terms, namely, “allowance” and 
“ tolerance.” 


Tolerance is the difference in size from normal 
which is permitted due to reasonable errors in 
workmanship. 

Allowance is the necessary difference in the 
sizes of two pieces that mate together to obtain 
the particular quality of fit desired. 

The devices used to control the limits on a 
component are termed Gauges. Fig. 1 shows a 
gauge for holes. If the tolerance on a hole is 
ʻo0I” (one-thousandth of an inch) larger than 
normal size, and ʻooI” smaller than normal size 
(generally written + -oor”) and the gauge in 
Fig. I is used, it is clear that if the small 
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end will enter the hole and the large end will 
not, then the hole must be within the tolerance. 

The complement of the plug gauge is the 
“gap” gauge (Fig. 2). The principle, naturally, 
is identical, the difference only being that it 
measures diameters and not holes. 

Definitions. A jig is a device which is fastened 
to a component in such a manner that it will 


guide a cutting tool to the same position on any 
number of similar components upon which it 
may be used. 

À Fixture is similar to the above, except that 
it does not guide the cutting tool. 

Tools (other than machine tools). These are 
actual cutting tools such as drills, reamers, 
lathe tools, boring bars, etc. 

Gauges. Described above. 

Tool Economics. An important aspect of 
tool engineering is the consideration of the total 


FIG. 2 


cost of making special equipment to produce any 
component as against the total cost of standard 
machinery and ordinary so-called hand methods 
of manufacture. Many tool drawing offices do 
not consider that the tool designers and tool 
draftsmen should have access to the cost sheets 
from the tool room, and therefore ultimately to 
a knowledge of the cost of the tools or equip- 
ment they have designed. Whether this is good 
or bad for the industry as a whole need not be 
entered into here. The point is, however, that 
prospective tool engineers must form some basis 
of cost of equipment, in order that the economic 
principles of tools can be utilized to the fullest 
extent. It is not possible for tool engineers to 
consider the cost question of tooling components 
unless the fiscal and sales policy of the organiza- 
tion in which they may be working is known to 
them. For instance, it frequently happens that 
elaborate tools and expensive gauges have to be 
made, not necessarily to ensure economic pro- 
duction, but to achieve interchangeability with 
some other mating component or components. 
It can be readily understood that organiza- 
tions which have a large number of different 
models of their product on the market, produced 
over a period of years, must supply spare parts 
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for customers who, although they may be using 
recent models, still have their old ones in use. 
Should the customers at any time call for re- 
placements, it behoves the firm supplying the 
product, say a machine, to have in stock all 
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necessary spares, which shall be interchange- 
able and accurate in form and material, in order 
that the engineering prestige of the organiza- 
tion may be upheld. 

It is astonishing to observe how extremely 
simple it is to design fixtures when their only 
function is to ensure repetition of fixed dimen- 
sions. When, however, high production and 
low price labour is required to operate them, 
they immediately become very much more com- 
plex and accordingly expensive to manufacture. 

Classification. There are four distinct groups 
of jigs and fixtures. In order of relative im- 
portance as to use they are drilling jigs, milling 
fixtures, turning jigs and fixtures, and grinding 
fixtures. 

We shall first give a simple example of each 
type of jig, in order that the student may 
obtain a rough idea of their form and construc- 
tion. As already indicated, the drilling jig will 
be considered first. 

Drilling Jigs. A very simple jig of this class 


is shown in Fig. 3. The component is in dotted 
lines. The pins P serve to locate the jig in 
relation to the component. The three holes H 
are a running-fit on the drill. The drill plate 
M is made of cast steel, and hardened, in order 
that the drills will not wear out the holes and 
therefore cause the latter to lose their guiding 
properties. It will be observed that no means 
is provided to hold the component to the jig : 
in these simple plate jigs, the operator does this. 
Another method of making the same jig would 
be to make the plate M of ordinary mild steel 
and insert hardened steel bushes as shown in 
the right-hand corner. These bushes are a 
running-fit on the drill in their bore, and a press- 
fit in the drill plate on their external diameters. 

Milling Fixtures. The most simple milling 
fixture is the familiar milling vice. This tool 
is of ordinary vice form, with the exception that 
the sliding and fixed jaws are machined square 
with the base, and it is made with machined 
faces all over, to ensure accuracy in locating 
components to be milled, etc. In place of the 
hardened steel jaws supplied with the vice as 
standard, soft mild steel jaws are sometimes 
fitted, and instead of having flat parallel ad- 
jacent faces, these are machined out to suit 
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some component, both to hold it more firmly 
against the milling or other cutter, and also to 
locate it from some desired face or projection. 
A simple example is shown in Fig. 4, which is 
self-explanatory. 
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By A, P. Yonne, OBE, MLEE 


LESSON I 
THE SCIENCE OF ELECTRICITY 


Tue practical application of the science of elec- 
tricity to the service of mankind may be said 
to date back to the early part of the nineteenth 
century. From then onwards, the commercial 
development of the uses of electricity has pro- 
gressed at such a phenomenal rate that in all 
branches of industry and commerce, some know- 
ledge of the science is necessary. It is therefore 
the purpose of these lessons to explain concisely 
the more important fundamental principles of 
electro-technics, and the way in which these 
principles are applied to the design of electrical 
machinery and appliances. 

Whilst the commercial development of elec- 
tricity has occurred in comparatively recent 
years, the science itself is very old. The earliest 
investigator of the science was the ancient 
Greek philosopher, Thales, who about 600 B.C. 
discovered that a piece of amber when rubbed 
with silk had the power of attracting to itself 
light objects. During the reign of Queen 
Elizabeth, not only were other substances 
found which acquire this peculiar property of 
attraction, but also when similar substances 
were rubbed with silk—for example, two pieces 
of glass—they were found to repel one another. 
Substances possessing these properties of attrac- 
tion and repulsion were described by Dr. Gilbert 
as “ electrics,” the name being derived from the 
Greek work “ electron,’ meaning “ amber.” 
By the mere act of rubbing, these substances 
are stated to be “ electrified ” or charged with 
electricity. When a body is electrified by fric- 
tion, the electric charge resides on the surface, 
and is at rest, or “ static.” 

; According to Franklin’s “ one-fluid’’ theory, 
all bodies were supposed to contain a single 
electric fluid, which was more or less uniformly 
distributed, but having no weight and occupying 
no appreciable space. In the state of uniform- 
ity or equilibrium, the body was regarded as 
uncharged or neutral, and by friction it was 
supposed that this uniformity could be dis- 
turbed, resulting in a surplus of the electric 
fluid on one body and a deficit on the other. 


‘ 


Such bodies were then stated to be + ly (posi- 
tively) or — ly (negatively) charged with elec- 
tricity. The terms “ positive” and “ nega- 
tive” electricity were introduced by Franklin 
about the year 1747, and although the “ fluid ” 
theory has now given place to the “ i 
theory, these terms are still used. 

During the past quarter of a century, consid- 
erable progress has been made in electrical 
science. The new “electron” theory, estab- 
lished mainly as the result of the researches of 
Sir J. J. Thomson, at Cambridge, has definitely 
established the fact that the atom, which 
hitherto was regarded as the ultimate subdivi- 
sion of matter, can still further be subdivided 
into very much smaller entities, consisting of 
“ electrons ” and “ protons °” in constant mo- 
tion. It is now generally accepted that the 
atom is an electrical structure made up of 
“protons,” or positively charged units, and 
negative “ electrons,” and that the atoms of all 
the elements are of similar structure. 

A most noteworthy achievement of scientists 
in recent years is the isolation of the “ electron,” 
and the determination of its mass and velocity 
with extreme accuracy. 


THE SIMPLE ELECTRIC CIRCUIT 


The science of static electricity dealt with so 
fully in the many good textbooks on electricity 
that have been published during the past 
25 years, is mainly of academic interest. The 
uses of electricity in motion are, however, 
legion, and the engineer is concerned directly 
with the conditions that arise when electricity 
is moved in a closed metallic circuit. In con- 
sidering a flow or current of electricity in a 
closed metallic circuit, it is distinctly helpful to 
assume ‘that electricity flows in the same way 
as water flows through a pipe. 

Whilst this may not be strictly accurate, it is 
nevertheless now believed that when an electric 
current is present in a wire, there is a constant 
stream of millions and millions of electrons 
moving at a phenomenally high speed from one 
end of the wire to the other. The fact that the 
flow of this “ electronic stream ” is actually in 
the opposite direction to that assumed for an 
electric current, need in no way detract from 


electron ” - 
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the value of the analogy. This difference in 
flow direction is due to the arbitrary manner in 
which the terms “ positive ” and “ negative ” 
were defined by Franklin long before the electron 
theory was evolved. 

In order to create a flow of water in a pipe, it 
is necessary that there should be some means 
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Fic. 1. DIAGRAM OF SIMPLE 
ELECTRIC CURRENT 


of creating a pressure as, for example, a 
pump. Now this is fundamentally true of an 
electric circuit. Before we can have a flow, or 
current, of electricity, there must be apparatus 


Direction of Flow 


Fig. 2. HYDRAULIC ANALOGY oF Fic. 1 


in the circuit for generating an “electric 
pressure.” The diagrams in Figs. 1 and 2 will 
serve to make the analogy clear. We can carry 
this analogy a step farther by stating that in 
the hydraulic circuit, the flow of water per second 
is not only dependent upon the pressure created 
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by the pump, but also upon the resistance 
offered by the friction between the flowing water 
and the walls of the pipe. In like manner, the 
flow of electricity per second (called the current) 
in an electric circuit, is dependent on the elec- 
trical pressure generated and the resistance of 
the closed metallic circuit. This will perhaps 
be more clearly understood if we tabulate the 
factors involved and the units of measurement 
for both circuits— 


Units of Measurement. : 
Factor: Electric. 
Hydraulic, Electric, Symbols: 

Pressure Lb. per sq. in, Volt. E 

Quantity Lb. Coulomb Q 

Current or Lb. per sec. Coulomb per sec. I 

Flow = amp. 

Resistance Depends onnature | Dependson nature R 
and dimensions of | and dimensions of 
conducting medi- | conducting medi- 
um. No unit um. Ohm. 


The electrical units may be briefly defined as 
follows— 

The Volt is the unit of electric pressure ; or 
as it is more often called, electro-motive force 
(E.M.F.) or potential difference (P.D.). One volt 
is the pressure which when applied to a resist- 
ance of I ohm produces a current of one ampere. 
It is also equal to 0-698 of the pressure given 
by a standard Clark cell at 15° C. 

The Ampere is the unit of current, and is that 
current which deposits silver, in an electrolytic 
cell, at the rate of o-oor118 grm. per sec. 

The Ohm is the unit of resistance, and is the 
resistance offered by a uniform column of mer- 
cury 106-3 cm. long and 14-4521 grm. in mass 
at o° C. Such a column is represented by a 
standard Ohm kept at the Board of Trade. 

The Coulomb is the unit of quantity, and is 
the quantity of electricity conveyed by I amp. 


in I sec. Expressed as an equation— 
Q (Coulombs) = J (amperes) x # (seconds) 
or, OS Tes 
and, TEO 
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BLAST FURNACE PRACTICE 


By Percy C R.: Kinescott, D.I.C., A.R.C.Sc., F.LC., B.Sc.(Lonp.) 


LESSON I 
INTRODUCTION 


Tue iron blast furnace, the means of extracting 
metallic iron from the huge stores of ferruginous 
materials with which bountiful Nature has 
endowed us, has been very aptly described as 
the key to modern civilization. The period of 
the earliest manufacture of this metal and the 
exact methods employed are not known with 
certainty, but remains of prehistoric imple- 
ments prove that the utility of iron has long 
been recognized. It is probable that the 
ancients discovered that the stones composing 
their fire-grates altered in appearance, and that 
they could be hammered out into useful shapes. 
By blowing the fires it was possibly found that 
the pasty metal was obtained more quickly, 
and it is known that bellows were in use about 
1500 B.C. 

Greater quantities of the metal were later 
obtained by building crude furnaces on the 
windward sides of hills or at the end of a windy 
ravine, the natural sequence to these being 
clay furnaces blown by artificial means, usually 
by water power as in the Catalan process. The 
demand for greater quantities of metal led to 
the discovery of cast iron as distinct from 
the former malleable variety. The usual fuel 
was charcoal, hence the furnaces were built 
near forests to ensure a good supply of this 
material. 

Great Britain. The manufacture of cast iron 
was introduced into this country early in the 
sixteenth century, the furnaces using charcoal ; 
but at the beginning of the seventeenth century 
Dudley used coal. Coke replaced charcoal and 
coal to a great extent early in the eighteenth 
century when the industry rapidly grew, but 
the individual outputs were very small compared 
with present practice. 

Although the discovery of the steam-engine 
considerably helped the industry, modern blast 
furnace work can be said to date from the intro- 
duction in 1828 of hot blast by Neilson, who used 
the earliest forms of pipe-stove. A later economy 
was the introduction of closed-top furnaces, in 
1850 by Parry, whereby the previously wasted 
gas was put to use, A further step in this 


direction was due to Siemens when, in connection 
with the steel industry, he discovered the great 
benefits of regeneration, the Cowper and Whit- 
well stoves being invented in the years 1860 
onwards. 

From that time, the chief changes have been 
in the direction of greater production of metal 
at the lowest possible cost of manufacture. 
These changes have been largely suggested by 
previous failures, and were made chiefly to 
obtain a shape of furnace and utility of ancillary 
plant whereby the largest outputs could be 
obtained together with economy of materials — 
and labour, and the maximum utilization of — 
valuable by-products. 

Definition of Blast Furnace. The blast fur- 
nace is an apparatus in which are simultaneously 
performed two distinct operations, the reduction 
of oxides of iron to the metallic state, and the 
melting of this metal and the gangue of the ores 
and fuel, It is built in the form of a tall shaft, 
and is blown with air blast at such a pressure 
that the materials in the furnace do not entirely 
resist its passage, Or, in other words, a. free 
passage is given to the air blast for burning the 
fuel and to the resulting gases. 

A receptacle is provided at its base in which 
collect the molten iron and slag, the latter of 
which, in order to render the operation success- 
ful, must be of such a nature that it is suffici- 
ently fusible at the ordinary temperature of the 
process so that it will separate freely from the 
iron. 

Magnitude of Operation. With present-day 
outputs of iron, huge quantities of raw materials. 
are dealt with in an efficient manner. For 
instance, with the use of fairly rich ores, the 
process deals with about 2 tons of ores, $ ton 
of flux, about 4 tons of air and 1 ton of coke to 
produce x ton of pig iron, 5 or 6 tons of gases 
and about 4 to 1 ton of slag. If these figures 
be multiplied by, say, an output of 600 tons 
per day from one furnace, the enormity of the $ 
process will be more readily perceived. Such 
an apparatus will consist of several components, 
all important in themselves and all mutually 
interdependent, which may be enumerated as 
follows— 

r. Plant for handling and preparing the raw 
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materials, and delivering them in the requisite 
proportions to the furnace. 

2. The blast furnace where these raw materials 
can be treated. 

3- Engines which will deliver the correct 
amount of air blast to the furnace at the required 
pressure. 

4. Hot-blast stoves which will regularly heat 
this air blast to the required temperature. 


aie TESS S oS 
Fre. i. IEW OF BLAST FURNACE PLANT 
Showing cantilever skip incline, revolving top distributor, cast house, 
and four Brassert hot blast stoves 


5. Means for dealing with, and disposing of, the 
iron, slag, and gases. 

6. Auxiliary machinery to help the furnace 
men. 

7. Water pumps, tanks, and cooling facilities 
to be placed at vulnerable points in the system. 

A typical blast furnace layout is shown in 
Fig. 1, reproduced by permission of Messrs. 
H. A. Brassert & Co., Ltd., London. 


THE FURNACE 


The blast furnace is composed of a cylindrical 
rivetted steel shell with a lining of fire-brick. 
The shell reaches to a height of 70-110 ft. from 
the working level, the diameters at different 
heights being determined by, and adjusted to, 
the requirements of the physical and chemical 
operations proceeding within the furnace. The 
air blast enters through openings near the 
bottom of the furnace, whilst the materials com- 
posing the furnace burden are charged almost 
continuously into the top of the furnace. As 
these materials descend, various reactions occur, 
and the chemical changes gradually become com- 
pleted until, after passing through a pasty state 
in the bosh, they reach a zone of fusion where 
the iron and slag become fluid and collect in the 
well of the furnace, known also as the hearth. 
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The iron has a higher density than the slag and 
sinks to the bottom, the two fluids being removed 
through two openings set at appropriate levels, 
the iron from the tapping hole at about the 
hearth level, and the slag from the slag notch, 
2 or 3 ft. higher. The gases leave the top of the 
furnace by one or more openings into the down- 
comers to the dust catchers, and thence either 
via the gas cleaning plants to stoves, gas engines 
or boilers, or direct to the stoves and boilers. 

Fig. 2 shows the lines of a modern blast 
furnace. 

The Hearth. Chemical reactions and tem- 
perature are most intense in this zone of the 
furnace, and failure of the lining is usually 
productive of danger, if not disaster. Owing 
to the pressure exerted by the depth of iron 
and slag, and by the blast, it is necessary, as 
a precaution against breakouts, to provide 
great physical strength in the walls of the 
hearth. This zone is shown at A in Fig. 2. 
Previously, the construction at this point 
consisted of the fire-brick hearth merely 
banded with a number of steel bands. 
Nowadays, the jacket is usually composed 
of a heavy steel plate which may, in 
addition, be heavily banded. The jacket may 
extend from about 4 ft. above the hearth level 
to 6 ft. or more below it. This 
jacket is kept cool by water 
nes the cooling water then VN 
falling into a ditch which com- 
pletely surrounds the hearth 
except at the tapping hole. 
Some furnaces described in Trans. 
A.I.M.M.E., T924. have the 
jackets composed of machined 
iron sections 8—10 in. thick, the 
whole being banded together. 

In other cases, the shell is 
augmented by the addition of 
cast-iron staves provided with 
cooling pipes. The whole con- 
struction is usually of a very 
heavy type, the joints between 
the cooling members being 
machined. In this type of hearth, 
external cooling is not required, 
and consequently, the ditch is 
not provided, this space being 
filled up solid with concrete. 

The jacket is usually cylindri- 
cal in shape, although in some designs it is 
conical. The latter construction is open to the 
objection that it may move upwards, if not held 


FIG. 2 
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down securely, thus causing the development of 
cracks. 

Molten iron has a great erosive effect and, in 
the event of a crack forming, nothing will save 
the jacket from extensive damage. Apart from 
the more or less serious loss of output, resulting 
from the stoppage of the furnace for the neces- 
sary repairs, breakouts are considerably dis- 
liked by furnace men because, if molten iron 
comes into contact with water, an explosion 
may occur. It is obvious that means must be 
taken in the construction to prevent the chance 
of molten metal developing a flow. In the case 
of furnaces cooled externally, a breakout of 
iron generally causes metal to fill the ditch and 
drains and to solidify in them. 

Modern design favours the internally water- 
cooled jacket made so strong that the chances 
of breakouts are practically nil, in which case 
the ditch is abolished. 

The fire-brick lining may be up to 34 ft. thick, 
but is usually less. The space between the 
brickwork and the jacket is usually lightly 
rammed with ganister and tar, this mixture 
being sometimes used to fill an annular space 
about half-way across the fire-brick wall, in 
which case it is rammed tightly. In every case, 
ramming should be done with hot rammers. 

The bottom of the furnace is composed of a 
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solid mass of brickwork on concrete, the former 
being in heavy blocks, and the depth depending 
upon the size of the furnace. As with the hearth 
walls, the joints must be well made in order to 
prevent loss of metal. The fire-brick bottom is 
laid upon a deep and strong foundation of con- 
crete, this in turn being reinforced with steel 
bands. 

Hearth diameters vary in size, the tendency 
nowadays being to increase this dimension. 
Modern practice calls for diameters of 20 ft., 
though some are greater than this. The 
supremacy of the large hearth was claimed in 
1920, by W. Mathesius, in a paper before the 
American Iron and Steel Institute. 

Tapping Hole. Iron is drawn off at intervals — 
through the tapping hole, which consists of an 
arched opening about 12 in. wide in the hearth 
wall, and placed about 1 ft. above the bottom 
of the furnace. It is not water-cooled owing 
to the danger, previously mentioned, of water 
meeting molten iron. However, cooling blocks 
have sometimes been fixed in the roof of the 
hole and occasionally at its sides, as occasion 
demanded, in order to preserve its lines. The 
opening is closed with clay mixed with a cer- 
tain amount of ground coal or coke, which mix- 
ture burns and forms an efficient stopper against 
the weight of molten material inside the furnace. 
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POWER TRANSMISSION BY BELTING 


By W. G. DuNKLEy, B.Sc. 


LESSON I 
BELTS AND JOINTS 


LEATHER belts are made in single, double, and 
triple thicknesses. Single belting varies in 
pones from to łin. Double belts average 
gin. First grade belts are made from the back- 
bone centre of the hide. Here the fibres are 
more firmly knit and the stretch is less than with 


side stock. Attention will be directed later to 


the very important influence which the stretch- 
ing of the belt has on the durability of the belt. 
Leather belts may be made in almost any 
width and length desired. Messrs. Tullis illus- 
trate a double belt, 60 in. wide and 138 ft. long. 

Leather Belt Joints. The best type of joint 
is the cemented lap joint, which produces an 
endless belt. The cemented joint involves more 
labour when it is necessary to shorten the belt 
to take up the permanent stretch of the belt. 
This, however, does not outweigh its advantages. 
The methods of making the joint cannot be 
described here, but the shopman would find a 
little booklet, entitled Making Leather Belts 
Endless, issued by the Leather Belting Exchange 
Philadelphia, U.S.A., of great practical interest. 
The tools required and all the necessary opera- 
tions are described and illustrated. For less 
important belts the joints may be made by 
lacing, or by using one of the many types of 
metal fasteners. Joints which require the belt 


LAMINATED BELTING 


Fic. 1. 


to be pierced obviously reduce the strength of 
the belt. 

Laminated Belting. A type of leather belt 
recommended for short centre drives, and where 
no grit is encountered, is the laminated belt, 
produced by binding strands of leather together 
with threads, as illustrated in Fig. r. With 
this type of belt the making of the endless type 
of belt is a comparatively simple matter. 

Leather Link Belt. A type of belt which 
permits great choice as regards width and 


thickness is the leather link belt, formed by 
connecting short leather links together by steel 
pins, as illustrated in Fig. 2 

It is clear that owing to the flexibility of the 
joints, belts of this type can be much thicker 
than the ordinary type which would be too stiff 
to bend round the pulley if made very thick. 
Messrs. Tullis illustrate a link belt, 120 ft. long, 
33 in. wide, and rin. thick. With this type of 
belt there is an advantage that it is readily 
jointed and made endless. It is also claimed 
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LEATHER LINK BELT 


as an advantage of this type of belt that the 
air can readily escape, and so a cushion of air 
cannot be formed between the belt and the 
pulley. 

Driving Side of Leather Belts. The usual prac- 
tice is to run the belts with the flesh side next to 
the pulley. American investigators have made 
experiments to determine which side gives the 
best results, and these experiments show that 
the grain side or hair side give the better results. 
Quoting from a Report by R. F. Jones: “In 
general, our tests indicate that the grain side 
will transmit from one to three times the power 
that the flesh side will transmit, depending upon 
the belt, the tension, and the conditions of ser- 
vice, or that the grain side will average one and 
one-half times as much as the flesh side.” The 
Chas. A. Schieren Company, Belt Manufacturers, 
New York, recommend that belts be run with 
the grain side next to the pulley. Mr. Tullis, in 
Hints on Belt Driving, says, however, that a 
belt running with the soft flesh side next to the 
pulley will wear longer because it is working 
according to the natural growth of the hide. 

Size of Pulleys and Belt Thicknesses. When 
a belt is bent round a pulley, the inner fibres are 
compressed and the outer fibres stretched. When 
a thick belt is bent round a small pulley the 
inner fibres soon get crushed and broken, and 
the belt begins to show open cracks. For 
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pulleys 4 in. and less in diameter the belt should 
be barely in. thick, on pulleys 44 to 8in,, 
gy in. thick; on pulleys 84 to 12in., ṣẹ in. thick ; 
on pulleys 12} to 18in., barely }in. thick. On 
pulleys 18 in. diameter and above, heavy belting 
may be used. 

Care of Leather Belts. Dirt should not be 
allowed to cake on a pulley or belt as this pre- 
vents proper pulley contact. Mineral and vege- 
table oils are injurious to leather belts. Ifa belt 
becomes saturated with oil the oil may be absorbed 
by applying ground chalk. Belt dressings should 
be used with caution, as those containing resin 
are injurious to the belt. -These dressings 
give a temporary advantage in increasing the 
grip on the pulley, but this advantage does not 
maintain very long, the belt becomes glazed and 
the slip becomes worse than before. Main 
driving belts should receive a coating of curriers’ 
dubbing four times a year. Belts should be 
cleaned about every six months. The best way 
is to wash the belt with a little warm water 
and soda, and to allow the water to soak into 
the belt for about two hours. Any grease that 
may be on the belt can then readily be scraped 
off. 

Effect of Belt Slippage. Slipping of the belt 
naturally means a loss of power, but if this is 
permitted to continue, it is also very injurious 
to the belt, since it burns the belt and thereby 
greatly shortens its life. Belts and pulleys 
should be examined to see if excessive slipping 
is occurring. 
to have a polished slimy face. 

Cotton Balata and Hair Belting. -These belts 


A slipping belt causes the pulley _ 
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are made in layers or plies. In Balata belting 
the layers or plies are bound together by an 
indissoluble mixture of gutta-percha, balata and 
other gums which permeate the fibres of the 
canvas and produce a strong flexible and water- 
proof textile belt. These belts are recommended 
for use in warm climates, in damp or steamy 
atmospheres, and in exposed positions. Care 
should be taken that the edges of these belts do 
not get frayed by rubbing against projections. 
For additional strength against fraying when belt 
forks are to be used, these belts can be supplied 
with leather edges. 

Four-ply cotton or 3-ply balata is equivalent 
to light single leather belting ; 4-ply balata is 
equivalent to ordinary single; 6-ply to light 
double ; 8-ply to heavy double; and 1o-ply 
to triple leather belting. 

Rubber Belting. This type of belting con- 


sists of layers of woven cotton canvas cemented ~ 


together by india-rubber composition. When 
complete the whole is covered with a layer of 
rubber about 0-2mm. thick. These belts are 
very flexible and can be used on small pulleys. 
The rubber face gives a very high coefficient of 
friction between the belt and pulley. 

Steel Belts. Thin steel belts have been suc- 
cessfully developed. The thicknesses of the 
belts vary from 0-2 to ocg mm. By comparing 
data giving the power transmitted by steel 
belts with that for leather belts the following 
interesting comparison is obtained— 

The horse-power a leather belt 84in. wide, 
qyin. thick would transmit, would be transmitted 
by a steel belt 1} in. wide, o-or2 in. thick. 
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By ARTHUR Grounps, B.Sc., A.I.C., Assoc.M.I.Min.E., A.M.C.T. 


LESSON T 
INTRODUCTION 


FUELS may be divided into three main classes 
or types, namely, solid, liquid and gaseous fuels. 
_ These broad types may again be divided into 
two subdivisions, natural and artificial or pre- 
pared combustibles. As an example of a 
natural fuel of the first class, we may consider 
coal as mined, whilst an artificial fuel of the 
first class would be briquette fuel, which is made 
by agglomerating small coal. Similarly, natural 
gas is a natural fuel of the third type, whilst 
ordinary coal gas is an artificial fuel of the same 
class. The fuels, most commonly used in 
England for steam raising, are solid in character, 
coal, of course, being easily the most important. 
We shall therefore consider the various types of 
coal which are used in industry, and see how 
their composition and physical properties influ- 
ence their suitability for a particular purpose. 

Coal has been produced by the action of com- 
bined heat and pressure on vegetable matter, 
such as grew upon the earth during that geo- 
logical period known as the carboniferous period. 
It has been formed by the slow elimination of 
water, and compounds of carbon, hydrogen and 
oxygen, with the result that the carbon content 
of the vegetable matter has been slowly concen- 
trated in the resulting coal, the compounds 
eliminated having been evolved in the form of 
gases. It will be found that the older the coal, 
the less is the percentage of oxygen in that coal, 
whilst the hydrogen content also decreases with 
the progression of time. The carbon content 
increases, on the other hand, the older the coal 
becomes. 

The most recent coals are known as lignites, 
and in these coals the woody tissue from which 
the coal has been produced can often be quite 
clearly seen, especially in the brown lignites, in 
which the cell-like structure of the wood has not 
been broken down under the action of heat and 
pressure. Huge deposits of these lignitic coals 
occur in Germany, whilst there are also exten- 
sive beds in Canada, at Morwell in Australia, 
and in some of the southern and middle western 
states of the U.S.A. In England, the only 
lignite deposit of appreciable size is at Bovey 


Tracey, in Devonshire, and this particular type 
of coal is not of any importance to the power 
engineer in this country. Next in order of age 
to the lignites come the bituminous coals, which 
are followed in turn by the semi-bituminous 
coals, or steam coals, then the semi-anthracites, 
bastard anthracites, or dry steam coals, and 
finally the anthracites. The proper classifica- 
tion of coal is a subject which has received much 
attention from fuel technologists in the past, but 
for engineering readers, probably the best 
classification is that based on the coals of South 
Wales, where practically every type of coal is 
found, lignite excepted. 

This classification is based on the volatile 
matter content of the coal. The volatile matter 
is found by heating a weighed quantity of the 
coal in a closed crucible over a flame of standard 
dimensions for a standard period of time. At 
the end of that time, the residue left in the 
crucible, which is called the coke, is weighed, 
and the difference between the weight of original 
coal and the weight of coke gives the weight of 
volatile matter plus moisture. The moisture 
is determined by weighing out a standard 
quantity of the fuel, and then drying this for 
a period of one hour at a temperature of 110° C. 


or 230° F. At the end of this time the fuel is 
again weighed, and the loss in weight is the 
Class Percentage of 
No. Name ei Goal! Volatile Matter 
ig Anthracites 2 From 4 to 9 
j Semi-anthracites or dry 
steam coals x i z y 9 to 12 
3 True steam coals 2 to 16 
4 Semi-bituminous coals 16 to 20 
5 Coking bituminous coals, 
yielding, on carbonization, 
metallurgical coke : 20 to 27 
6 Caking bituminous coals, giv- 
ing a swollen coke ; typical 
gas coals, and coals used for 
steam raising in the North 
of England and the Mid- 
lands 5 5 z 5 w AEN 
7 Non-caking bituminous coals, 
chiefly used for producer 
gas generation, giving a 
high yield of gas 35 to 42 


(Continued on page 47) 
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GEARING 


By Henry E. Merritt, M.Sc. (Enc.) 


LESSON I 
INTRODUCTORY 


THE subject of gearing is one of the most inter- 
esting in the whole realm of mechanical engin- 
eering. It is at the same time, however, one 
of the most complicated, and the wide field 
covered by the subject renders it essentially 


general case the shafts may be at any distance 
apart, and at any angle, when they are said to 
be “ skew,” as shown in Fig. I. There are two 
simple particular cases, namely, (a) when the 
shafts are parallel (Fig. 2), and (6) when their 
axes intersect (Fig. 3). 

Pitch Surfaces. Considering first the simplest 
of these cases, namely, that in which the shafts 


Skew 


FIG. I 


Parallel 


Fic. 2 


one for the specialist. In the limited space 
available for the present series of lessons it is 
clearly impossible to cover the subject com- 
pletely, and it is therefore proposed to dis- 
cuss more particularly the fundamental prin- 
ciples upon which a more thorough knowledge 
can subsequently be based. 

It is at this point desirable to stress the 
necessity for accepting only with the greatest 
reserve many theories and standards and much 
current practice in gear design and production. 
It should be realized that many problems arising 
out of toothed gearing still remain unsolved, 


and that many standards and formulae are © 


purely empirical and owe their continued 
existence only to the absence of more conclusive 
and reliable data. Finality in gear design has 
by no means been reached, and every new pro- 
cess and development and the results of new 
researches are worthy of careful study. 


PRINCIPLES 


Classification of Gears—Relative Shaft Posi- 
tions. Toothed gears are employed to transmit 
motion and power between rotating shafts, and 
are classified according to the relative arrange- 
ment of the shafts which they connect. In the 


Intersecting 
Fic. 3 


are parallel, the principle of operation of toothed 
gears may be explained. 

If the shafts A and B shown in Fig. 4 are 
to rotate in opposite directions, any desired 


Fic. 4. PITCH CYLINDERS OF GEARS CONNECTING 
PARALLEL SHAFTS 


speed-ratio can be obtained by connecting them 
by two cylinders arranged to transmit motion by 
friction. These cylinders will touch along a 
line PP parallel to the axes OO and QQ, and 
if no slipping occurs the cylinders will each have 


! 


GEARING 


the same surface speed, and will have a pure 
< rolling motion on the line PP. The object of 


toothed gearing is to give the same relative 
motion to the shafts together with a positive 
drive, and this object may be attained by form- 
ing suitable teeth on the cylinders. 

Clearly, however, the numbers of teeth on 
the respective cylinders must be whole numbers, 


Fic. 5. LARGE PAIR OF SPUR GEARS 
and to provide uniform velocity transmission 
they must be equally spaced around. the cylin- 
ders. The spacing of the teeth is termed the 
“ pitch,” and the imaginary friction cylinders 
are therefore termed “ pitch cylinders.” Gears 
formed on pitch cylinders as basis form one of 
the three main types of gear, viz., the “ cylin- 
drical gear,” and this type includes a number 
of subdivisions, namely, spur, helical, spiral, and 
worm gears, all of which have the same funda- 
mental principle of operation. 
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_ The spur gear has teeth which are parallel to 

the shaft axis, and is the type of gear most 

commonly employed. A large pair of such gears 

ee the wheel made in halves) is shown in 
ig. 5. 


The Helical Gear. In forming teeth on the 


Fic. 6. A PAIR oF TYPICAL MACHINE 
Cur DOUBLE HELICAL GEARS 
(David Brown & Sons, Ltd., Huddersfield) 


imaginary pitch cylinders it is not necessary 
that they should be parallel to the axis; they 
may equally well, and may often advantageously, 
be made of helical form. It should be noted 


Fic. 7. PINION AND Rack 


2 


that the term “helical gears ” refers only to 
gears connecting parallel shafts. In order to 
eliminate the end thrust produced by the spiral, 
the gears are commonly formed with “ double- 
helical ” teeth, the teeth being divided into two 
sections of opposite hand of spiral. A pair of 
double helical gears are shown in Fig. 6. 

Rack and Pinion. If one of a pair of spur 
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gears be made of infinite diameter, a “ rack ” 
results. The teeth of the rack are formed 


relative to a “ pitch plane,” in place of the pitch 
cylinder already described; the pitch plane, 
in fact, represents a portion of a pitch cylinder 
of infinite diameter. 


= 
pa 
mie 


The arrangement of a 


Fic. 8. Parr oF SPIRAL GEARS IN MESH 
WITH HYPOTHETICAL RACK 


rack and pinion (shown in Fig. 7) is used for 
converting a rotary to a linear motion. The 
pinion may equally well have spiral teeth, 
whilst the axis of the pinion and the direction 
of the rack need not necessarily be at right 
angles. 

Spiral Gears. The type of helical gear used for 
driving between parallel shafts can also be used 


to drive shafts which are skew relative to each 
other; they are then known as spiral gears. 
Spiral gears form a special case of cylindrical 
gearing ; for each gear has a cylindrical pitch 
surface arranged as shown in Fig. 8. In con- 
sidering the action of spiral gears, it is convenient 
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to regard both as pinions engaging opposite 
sides of a “ hypothetical rack ” arranged between 
them. 

Worm Gears. A pair of worm gears (Fig. 9) 
consists of a worm, which is virtually a screw, 
and a worm wheel, the teeth of which engage 
with the threads of the worm. Owing to the 
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helical form of the worm threads, the effect on 
the worm wheel is the same when the worm is 
rotated as when it is moved bodily in the direc- 
tion of its axis. That is to say, the worm 
threads act in the same way as a rack, and for 
this reason it has a flat pitch surface, while that 
of the wheel is cylindrical. Worm gears thus 
come under the heading of cylindrical gears. 


Bevel Gears. If the shafts are not parallel, 
but intersect, the imaginary pitch cylinders 
must be replaced by “ pitch cones,” in order 
to give a drive by friction, and these cones must 
ave their respective apexes at the point of 
intersection of the shaft axes (see Fig. ro). If 
teeth be formed on these pitch cones, bevel 
gears result. 

Straight-toothed bevels are those in which 
the teeth radiate from the apexes of the pitch 
cones, and are in many respects analogous to 
spur gears. The teeth need not, however, be 
of this form, but may be curved to correspond 
ith the helical spur gear. Bevel gears with 
curved teeth are termed “ spiral bevels,” and 


mount of water driven off. By subtracting 
his weight from the last figure (i.e. volatile 
matter, plus moisture), we thus get the actual 
amount of volatile matter, exclusive of moisture, 
n the coal. With the more recent coals, the 
olatile matter content is relatively high, whilst 
ith the older coals, such as anthracite, the 
olatile matter content is low. We can thus 
raw up a table, classifying coals according to 
che percentage of volatile matter which they 
ontain, and this table is given on page 43. 

The limits given above are not sharply defined, 
nd the various classes merge indefinably into 
one another. In South Wales, the anthracite 
eposits have been formed in a natural way by 
low alteration of the vegetable matter over a 
eriod of millions of years, but in Scotland, there 
re deposits of an anthracitic coal which has 
been formed by the intrusion of hot volcanic 
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any one of a large number of alternative forms 
of spiral may be used for the tooth curve. 

Hyperboloidal Gears. In the general case of 
shaft position, ie. that in which the axes are 
“ skew,” it is possible to find pitch surfaces 
which make contact along a straight line and 
transmit motion by friction (in this case accom- 
panied, however, by sliding in the direction of 
the line of contact). These pitch surfaces are 
“ hyperboloids,” and are swept out by the rota- 
tion of a straight line about each axis. 

By forming teeth relative to these pitch sur- 
faces, “ hyperboloidal ” gears result. This type 
of gear, however, is very rarely met with, and 
will not therefore be discussed. 


FUEL 
(Continued from page 43) 


material, such as lava, into the beds of bitu- 
minous coal. This hot material has driven off 


- some of the volatile matter from the bituminous 


coal and left a coal somewhat similar to true 
anthracite in its characteristics, but the mineral 
matter of the original coal has become concen- 
trated in the final product, so that the Scottish 
anthracite is much higher in ash than the South 
Wales coal. In fact, it is a peculiar fact that in 
South Wales, the anthracites have less ash in 
them than the coals containing a higher percen- 
tage of volatile matter. It is therefore obvious 
that they cannot have been produced by any 
simple heating of the original vegetable matter, 
as if that had been the case they would contain 
a higher percentage of ash than the surround- 
ing bituminous coals. This is not the place 
to discuss how they have been produced, 
however. 
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NOTABLE EVENTS IN ENGINEERING HISTORY 


By E. A. FORWARD, A.R.C.S., M.I.MECH.E. 
LESSON I 


EARLY HISTORY 


Ir has been said that civilization depends 
largely on the work of the engineer, and this is 
certainly true as regards recent progress. 
Engineering may be defined as the application 
of science to industry, or as stated in the 
Charter of the Institution of Civil Engineers, as 
the art of directing the great sources of power 
in nature for the use and convenience of man, 


and no doubt the use of the mechanical princi- 
ples, the lever and the wedge, would soon be 
discovered, as well as the wheel which was valu- 
able both for transport and in mechanism (Fig. 
2). Although these elements were known and 
used, it was not until a comparatively late 
period, when mathematics had reached an 
advanced state, that any attempt was made to 
study the principles of mechanics, and the great 
geometrician and engineer, Archimedes (287- 
212 B.C.), is believed to have been the first man 
to investigate mechanical principles, and to 
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as the means of production and of traffic, and 
in the construction and adaptation of machinery. 

Works coming within these definitions were 
certainly produced by man in very early times, 
but the name Engineer appears to have been 
first applied to military officers concerned with 
the construction and use of engines of war, such 
as battering rams, catapults, and artillery. The 
term was not, however, applied to men engaged 
in the construction of works or machinery for 
civil purposes until the middle of the eighteenth 
century. 

In primitive times man’s needs were small, 
and his constructive powers were limited by the 
tools (Fig. 1) and materials available. His chief 
activities probably consisted in obtaining and 
transporting materials for his rude dwellings, 


enunciate the relation between the forces applied 
to a lever and their distances from the fulcrum. 
He was well acquainted with the use of com- 
pound pulleys and the worm and worm-wheel, 
and he devised the well-known screw pump. 
Other workers of the classical period were 
Aristotle, Ctesibus, to whom is attributed the 
invention of the force pump, Hero of Alexandria, 
and Vitruvius. 

Progress is the mechanical arts has not taken 
place regularly, and we find that while there are 
periods of stagnation or slow advance, yet there 
occur, from time to time, discoveries or inven-. 
tions which lead to rapid forward strides. Ideas 
are sometimes propounded before they are 
practicable, and only become fruitful when 
conditions become favourable. It has been said, 
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however, that man’s power of thinking will not 
permit him to take a long step at any time, but 
that he can only grope forward by adding little 
by little to that which has been done already. 
Civilization, moreover, has advanced at very 
different rates in different parts of the world, 
probably owing to the lack of easy means 
of communication between one country and 
another, or to the conditions 
of existence being such that 
little or no effort was re- 
quired to support it. While 
such a factor as increasing 
population would lead to the 
encroachment of one people 
into the domains of others, 
it would also be a means of 
spreading knowledge, as may 
be seen in the effects of the 
Roman occupation of neigh- 
bouring countries. 

Although the Egyptians, 
Greeks, and Romans attained 
a high state of civilization 
and knowledge of the Arts, 
their engineering works 

4— (5462) 
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consisted mainly of structures, such as 
buildings, aqueducts, bridges, and roads 
(Fig. 3). Their machinery seems to have 
been confined to agricultural implements 
and water-raising appliances, as well as 
simple machines for the preparation of food 
and clothing, such as the corn mill, the 
spindle, and the loom. 

As far as we know little progress was 
made for centuries, and after the fall of the 
Roman Empire, a period of stagnation or 
even retrogression seems to have’ ensued. 
In the Middle Ages, however, we find evi- 
dence of further progress, and more use 
being made of the natural powers of water 
and wind to assist man in his labours. 
About this time also arose experimental 
philosophers, such as Leonardo da Vinci 
(1452-1519), artist, scientist, and engineer, 
who played a large part in laying the 
foundations of practical engineering, and 
whose writings contain a record of ideas 
and mechanisms which existed in his time. 
When books were written or copied by 
hand, the spread of knowledge was neces- 
sarily slow, and it was not until the art 
of printing from movable type was in- 
vented by John Gutenberg, about 1450, 
that existing knowledge became more 
widely spread. Engineering knowledge especi- 
ally was promulgated, during the sixteenth 
century by the works of Besson, Ramelli, 
Veranzio, etc. 

The materials first available were timber 
and stone, and for a long period all works 
of construction and implements were formed 
of these. Wood was split by wedges and 
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adzed to bring it to shape, until the advent of 
the saw, which greatly facilitated its working 
(Fig. 4). 

The first metals to be used would be those that 
occur naturally in the metallic state, such as 
gold and silver, but how the other metals, such 
as iron and copper, which normally occur only 
in the form of ores, were discovered, is a matter 
of conjecture ; they most probably resulted from 
the accidental dropping of ore into a fire. Gold 
and silver were used principally for ornaments 
or utensils, but iron and copper were the only 
metals which could be used for weapons or 
tools, it being certain that the Ancients knew 
how to alloy copper and tin to produce 
bronze. 

Native iron, probably produced by volcanic 
action, has been found in various parts of the 
world, and native copper also, but a knowledge 
of how to smelt these metals from their ores is 
believed to have originated in the East, prior 
to 3500 B.C. It is highly probable that malle- 
able iron was produced at least as early as copper 
or bronze, but being easily oxidizable, nearly all 
traces of its use in early civilizations have dis- 
appeared. Even in Roman times, the quantity 
of iron produced was small, and its use was 
reserved for weapons and edge tools, but we find 
later on in the Middle Ages, when its production 
was increasing, that the smiths had become an 
important class in the community, and were the 
practical engineers of the time. Much of their 
product consisted of weapons and armour, or 
ornamental ironwork, but little of their other 
mechanical work has survived to the present 
day. 
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BALL AND ROLLER BEARINGS 


By W. E. BAKER, B.ENG. 


LESSON I 


MopeErN ball and roller bearings are among the 
more recent introductions to practical mechani- 
calengineering. The principal development has 
taken place within the last 30 years, and the 
ball bearing was brought to perfection before 
the roller bearing. The following lessons should 
enable the student to understand the general 
principles of ball and roller bearing design, to 
judge the merits of any particular design of bear- 
ing, and to have a working knowledge of how to 
apply such bearings in practice. 


PURE ROLLING MOTION 


_ Since the earliest times mankind has been 
aware that considerable effort is necessary to 
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drag a load even along level ground. Later 
investigations have shown that the work thus 
required is necessary to overcome the plain 
sliding friction which exists between the sur- 
faces in contact, and between which the relative 
motion takes place. Later investigations 
showed that the work thus expended was not 
destroyed, but reappeared in the form of heat 
generated at the sliding surfaces. It has also 
been a matter of common observation that such 
sliding motion gave rise to abrasion and wear 
of the surfaces in contact. 

Ball and roller bearings have, as their object, 
the substitution of plain sliding friction by pure 
rolling motion. The following explanation may 
prove helpful to those who have not previously 
considered the question. 

Fig. 1 indicates the section of a ball (or roller) 
in contact with a horizontal surface. The cir- 
cumference is divided into eight equal units of 
length. The ball may be rolled along the hori- 


zontal surface without slip, the left-hand figure 
indicating the start, the right-hand figure indi- 
cating the position when one revolution has 
been made. The intermediate figure shows one 
of the many positions in between. It will be 
seen that the distance between the centre of 
the ball in its first and last positions is precisely 
equal to its circumference. In other words, the 
ball has rolled and has not slid. 

In Fig. 2 are indicated the velocities of various 
points on the ball which are necessary to attain 
this end. The horizontal surface itself is 
assumed to Þe at rest, and accordingly the point 
A, which is momentarily in contact with this 
surface, is also at rest, the velocity being indica- 
ted by zero in the figure. A is termed the 
instantaneous centre 
of rotation of the ball, 
and all points of the 
ball are rotating about 
the point A, for the 
instant it is in contact 
with the horizontal 
surface. ; 

AB is the vertical 
diameter. The velocity 
of the centre C is at 
right angles to the ver- 
tical diameter, and the value v has been assigned 
toit. The velocity of the uppermost point B 


PA 
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is also at right angles to the vertical diameter, 
and its value is clearly 2v by ordinary proportion. 
The velocity of any other point, P selected at 
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random, onthe surface of the ball (in the same 
plane), is at right angles to the line PA, and 
the value is as shown on the diagram by the rule 
of proportion. 

% It will be clear that the ball is only rotating 
about the point A at the instant when the 
point A is in contact with the surface. Refer- 
ring back to Fig. 1, all the points from r to 8, 
and all intermediate points would in tum 
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. become instantaneous centres of rotation. It 
is important to grasp the conception that the 
ball and surface are in contact only at one point 
at any given instant, and that there is no rela- 
tive movement between the contacting points 
of the ball and surface. As there is no relative 


movement between them, there can be no 
expenditure of work. 
Fig. 3 extends the foregoing to the case where 


A 
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the horizontal surface has a velocity V itself. 
The ball may still roll with a velocity v along 
this moving surface and the relative motions of 
the various points are not affected. In other 
words, the velocity V is superimposed on all 
points of the ball. 

Fig. 4 represents a plate supported by two 
rollers of equal diameter resting on a horizontal 


surface. The upper diagram shows the initial 
position, and the plate is then rolled along until 
the rollers have moved a distance d, equal to 
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their circumferences. It will be found that the 
plate resting on the rollers has moved exactly 
twice as far as the rollers themselves, thus indi- 
cating that no sliding has taken place either 
between the rollers and the lower surface, or 
between the rollers and the upper plate. 

It is probable that in this way the advantages 
of rolling motion first became known to mankind, 
and the earliest rollers would probably be tree 
trunks. Fig. 4 has 
indicated the disad- 
vantage of this par- 
ticular invention, as 
it will be clear that 
the rollers need 
feeding in at the 
leading end of the 
upper plate contin- 
ually. Of course, in 
a ball or roller bear- 
ing, as will be ex- 
plained later, this 
is no disadvantage, 
as the races are 
circular, and the balls or rollers automatically 
feed themselves in under the load. 

Fig. 4 has indicated a small experiment which 
could be carried out to verify speeds or distances. 
Fig. 5 indicates an experiment which could be 
carried out to indicate the effort reqvired for 
movement. The upper diagram in Fig. 
represents a weight W resting on a horizontal 


BALL AND ROLLER BEARINGS 53 


surface, the contacting surfaces being smooth. 
After the weight has been set in motion, it 
will be found that a force uW will be required 
to maintain uniform motion on the horizontal 
surface. pw is termed the coefficient of plain 
sliding friction between the surfaces in question. 
The friction may, of course, be reduced by intro- 
ducing a suitable lubricant between 
the surfaces. 

The lower diagram in Fig. 5 in- 
dicates the same weight moving on 
the same horizontal surface, but 
with the interpolation of rollers 
between the contacting surfaces. 
Assuming that perfect surfaces could D 
be obtained, that the rollers them- 
selves were perfectly accurate, and 
that all surfaces were perfectly hard, 
then no effort would be required to maintain the 
weight moving at a steady speed in a horizontal 
straight line. In any case, even with the mater- 
ials available in practice, only a small force will 
be required to keep the weight moving steadily. 
It will also be found by experiment that the 
difference between the sliding friction and the 
rolling motion is even more marked when 
starting the movement from rest. 

In connection with Fig. 4, it was shown that 
the use of rollers would be a disadvantage if 
applied in the simple form to vehicles. The 
invention of the wheel and axle marked an 
important stage in the progress of mankind. 
It is necessary, however, that the difference 
between the action of the wheel and axle and 
our rollers should be understood. 


Fig. 6 indicates wheels attached to the weight 
which is moving over the horizontal surface. 
The centres of the wheels move at the same 
velocity as the weight itself, and in this respect 
are different from the rollers shown in Fig. 4. 
However, the contact of the wheels and axles 
with the weight is not one of pure rolling motion. 
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The wheels are certainly rolling over the hori- 
zontal surface as did the rollers. The contact 
of the axles with the weight is, on the other hand, 
one of plain sliding friction, but with the modi- 
fication that the circumference of the axle is 
much less than the circumference of the wheel. 
Assuming all parts to be accurately made, and 
that theoretically ideal materials are used, then 
the force necessary to maintain the weight in 
uniform motion in a straight line on the hori- 
zontal surface is given by the following expres- 


sion: uW x fe The wheel and axle therefore 


D 
do not eliminate friction to the same extent as 
the rollers, but they have the advantage of being 
more serviceable for attachment to vehicles. 
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PIONEERS OF ENGINEERING 


By J. F. CORRIGAN M.Sc., AC. 


LESSON I 
THE BIRTH OF ENGINEERING 
ARCHIMEDES (287-212 B.C.) 


THE science of engineering had, without a 
doubt, its earliest beginnings during that period 


ARCHIMEDES 


of the world’s history which is unwritten and 
unknowable. The primitive uncultured indivi- 
dual who first discovered the phenomenon of 
fire and combustion, and applied it to the useful 
purpose of heating water and other materials 
was, in all truth, an engineer of very practical 
abilities. So, also, must have been the early 
genius to whose mind occurred the first idea of 
the wheel, an engineering device which is seem- 
ingly quite neglected throughout the whole 
realm of nature. 

Considerable knowledge of the elementary 
principles of engineering was held, also, by the 
ancient civilizations of Babylonia and Egypt, 
but it was only during the time of the Greeks 
that the science began to be investigated in a 
methodical and, in what we now term, a 
“scientific ’’ manner. 

Archimedes surpasses all the other natural 


philosophers of the ancient Greek civilization 
in that, besides being a mere theoretical student 
of natural principles, he was gifted with a prac- 
tical type of mind which enabled him to apply 
observed principles to useful purposes. 

Everybody knows the story of Archimedes, 
and the famous principle which he discovered, 
concerning the relative weights of bodies in air 
and in liquids. But Archimedes did very much 
more than make the discovery of the principle 
which is now named after him. This early 
Greek philosopher was an eminent mathemati- 
cian, also. Many geometrical discoveries are 
due tohim. Probably his greatest mathematical 
discovery is that concerning the ratio of the 
circumference of a circle to its diameter. This 
ratio, of course, is the well-known 3-1416, or z. 
Other mathematical and geometrical studies of 
Archimedes concerned the properties of circles, 
triangles, curves, spirals, and conic sections. 

As an engineer, Archimedes is supposed to 
have shown his scientific ability by constructing 
an immense number of suitably placed plane 
mirrors, by means of which he focused the 
sun’s rays on to the ships of an invading fleet, 
and set fire to them. 

Besides studying the principle of the lever, 
Archimedes devised his famous “ screw,” by 


ARCHIMEDES’ SCREW 


means of which he was able to effect the then 
seemingly impossible and paradoxical feat of 
causing water to flow from low levels to high 
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WORKS ORGANIZATION AND MANAGEMENT 


By E. W. Workman, B.Sc., AMCE Te, 


LESSON I 


THE NEED FOR ORGANIZATION 
STUDY 


A New Science. The study of Management and 
of Works Organization has only developed of 
recent years, because manufacturing industry 
itself is only of recent birth. A great deal of 
the present labour legislation has only come 
into force- during or since the World War, and 
the original consolidating Factory Act was only 
passed into law as recently as 107S it is 
almost incredible to think that it is only a 
hundred years ago when children of 9 years of 
age were allowed to work 69 hours a week in 
cotton mills. The changes since those days, and 
especially since 1914, the growth of welfare work, 
and the keener competition in modern industry 
have all, from different points of view, made 
successful works management more difficult. 
Management has now become a science, and a 
good manager, besides having technical know- 
ledge, must be acquainted with such varied 
subjects as the work of purchasing, store- 
keeping, and designing, and the functions of 
the employment, production, inspection, wages, 
and cost departments. To be able to organize 
well is partly an inborn gift, but it is also largely 
a matter of knowledge. 

Need for Modern Study. The need for study 
of the principles underlying successful manage- 
ment is, unfortunately, only too apparent at the 
present day. That something is wrong with the 
conditions of British manufacturing is obvious 
to all, and in March, 1926, the Daily Mail 
organized a special deputation of engineering 
workmen to visit America, in order to try to 
discover why American employers can pay 
higher wages and yet sell at lower prices than 
have to be paid for British goods. Some of the 
opinions collected by this deputation are of very 
great interest, especially as they show that 
American success is largely due to the fact that 
the American employer has studied real manage- 
ment to a far greater degree than has the British 
employer. Largely as a result of this closer 
study, the relationship of employer and employee 
in America is very different from what it is in 


Great Britain; in other words, the different 
outlook of the employer has caused the employee 
to take up a different standpoint. 

American Opinions. Some of the views 
collected by the deputation mentioned above 
are quoted in the following paragraphs as an 
illustration of the above points, and to show 
that we, in Great Britain, have yet a great deal 
to learn in regard to this subject of successful 
Management and organization. 

Chevrolet Motor-car Works. In the Chevrolet 
motor-car works at Michigan, the delegation 
found that the lowest wages paid were 18s. 
for a g-hour day to floor cleaners, and toolmen 
were able to earn £10 for a 50-hour week. The 
workers have an industrial mutual association 
which runs co-operative stores in various fac- 
tories, and a club with many social features. 
The assets of this association are £100,000. 
Mr. E. Barth, the general superintendent, told 
the deputation : “We have found that the 
highest paid men are the most efficient. We 
insist on the men earning top wages all the time. 
We have no labour troubles. We have no 
objection to men belonging to a union, but we 
insist on dealing with each grievance individu- 
ally. I have given orders that if a workman 
wishes to see me he has precedence over people 
from outside the works.” 

Buick Motor-car Works. In the Buick 
motor-car plant, Mr. F. R. Durham, the assistant 
general manager, said: “ You people on the 
other side could do much more than you are 
doing. You have got the men, you have better 
trained men in your shops than we have, so it 
is not ignorance or incompetence. Men do work 
harder in America . . . but we do not care how 
much a man earns as long as he earns it.” 

General Electric Company. At the works of 
the General Electric Company in ‘Schenectady, 
the deputation found that the average weekly 
wage of men, women and children was £6 15s. 
5d. But they also found a determination of 
all classes of labour to earn as much as possible, 
and consequently there was an atmosphere of 
concentrated effort. But most significant of 
all, they found an air of contentment and a 
spirit of comradeship between employers -and 
men from the highest to the lowest, which was 
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expressed so constantly and in so many ways 
as to considerably surprise the deputation. In 
this works the deputation was told: “High 
wages in this country are partly due to the fact 
that the men are prepared to work harder, yet 
are not hounded about. The impression that 
American employers drive them in an eternal 
hustle is all wrong. Every worker considers 
himself a member of the G.E.C. family. There 
are no water-tight compartments. The main 
idea is to keep faith with them, and this is the 
reason for close relationship with the employers.” 

Here the General Manager visits every shop 
once a month to enable any one of the 20,000 
employees to talk to him if desired. 

American Locomotive Works. In the Ameri- 
can locomotive works the deputation noticed 
many things, such as the depot for the sale of 
petrol one-third cheaper to the workers owning 
motor-cars, repainting workers’ cars at cost 
price, and so on. 

Another observer, Mr. O. Mosley, an ex-Social- 
ist M.P., who visited America about the same 


time, reported as follows: “I saw no sign that 
American labour is more highly skilled than 
our own. In fact, I think that British labour 
is more highly skilled than American. But 
American capitalism appears to be cleverer than 
ours. For instance, their machinery and labour- 
saving devices in many industries are a great 
way ahead of ours. One also comes back with 
the impression that high wages are the secret 
of American prosperity.” 

Causes of American Success. And so the 
instances could be multiplied indefinitely, but 
all the opinions point towards three main 
factors which seem to be the basis of the suc- 
cess in American organization, namely, high 
wages, high production, and close co-operation, 
the whole dependent on a skilful management and 
very carefully planned organization. 

British organization has surely a lot yet to 
learn along these lines, employer as well as 
employee. The need of management is two- 
fold—to study departments and systems, and 
to study men. 
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ones. This Archimedian screw is still a very 
interesting device, although for practical pur- 
poses its use has been superseded by other 
devices at the present time. 

In short, therefore, we may say that 
Archimedes was one of the very first engineer- 
ing pioneers which history records. Many 
theoretical and practical principles were laid 
down by him, thus forming a solid basis upon 
which future engineering knowledge was to 
rest. 

Archimedes was born about the year 
287 B.c. He studied at the famous University 
of Alexandria. In all probability he was 
acquainted with Euclid, who would be an old 


man at that time. Afterwards, Archimedes 
returned to Syracuse, his birthplace, a Greek 
colony off the Island of Sicily, and throughout 
his life he was favoured with the patronage of 
King Hiero, under whose aegis he conducted 
most of his practical experiments. 

Archimedes met with an untimely end. He 
was murdered. There are many accounts given 
of his death, but as they all vary they are 
not worth repeating here. Nevertheless, early 
mechanical and engineering science was the 
poorer for his decease, and many years had to 
elapse before other investigators rose to further 
the discoveries made by this first pioneer of 
engineering. 
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GAS ENGINES AND PRODUCERS 


By ARNOLD Rimmer, B.Enc. 


LESSON II 
GAS ENGINE DEVELOPMENT 


BEFORE proceeding to a detailed study of the 
construction and working of the modern gas 
engine it is interesting and instructive to 
consider the various stages in its develop- 
ment, and a brief account of this will now be 
given. 

As will be seen, progress, especially in the 
early years, was comparatively slow. One 
reason for this was probably the tendency to 
follow steam-engine design (which in several 
respects is not suitable for internal combustion 
engines). In addition, the limitations of manu- 
facturing methods in those days must be borne 
in mind. 

1678. The earliest recorded attempts to 
explode gunpowder in a cylinder. The appli- 
cation of the idea to the construction of a 
practical internal combustion engine was not 
successful. 

I79I. A gas engine and producer were 
patented by John Barber. Incidentally, this 
was really a “ gas turbine ” (which still remains 
to be developed commercially), since the pro- 
ducts of combustion in a’vessel were allowed to 
issue through an orifice on to the vanes of a 
wheel. 

1794. Robert Street patented an engine 
which though crude, incorporated several valu- 
able ideas, such as flame ignition and the 
utilization of the motor piston to draw air into 
the cylinder. 

1801. The Lebon engine involved the com- 
pression of the gas and air before admission to 
the motor cylinder. It was double-acting, and 
was fitted with electric ignition, the generator 
for the same being driven from the engine 
shaft. 

1823. In this year Brown’s “ atmospheric 
ngine ” appeared. Gas and air were ignited 
is they entered the cylinder, and the products 
of combustion escaped through valves in the 
iston. A jet of water then produced a vacuum 
elow the piston, and the atmospheric pressure 
m the top of the same caused it to be driven 
lown. Continuous action was obtained by the 
ombination of several cylinders, but the engine 
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was cumbersome and uneconomical in gas 
consumption and was finally abandoned. 

1838. A single-acting vertical engine was 
constructed by Burnett which included gas and 
air pumps, the three pistons moving “in step,” 
and the mixture being first compressed into a 
receiver and then ignited as it entered the 
cylinder. 

1839-1856. Many patents were taken out 
both in this country and others in connection 
with the subject, though few actual engines 
were constructed. Dr. Drake’s engine (patented 
in Philadelphia in 1843) was probably the most 
notable, as it incorporated tube ignition, water 
jacketing, and a hollow piston. 

1857. Two Italian engineers (Barsanti and 
Matteucci) pointed out the necessity of rapid 
expansion of the mixture after explosion in 
order to reduce the loss of heat to the cylinder 
walls. 

1858. Degrand suggested the idea of the 
compression of the mixture by the motor piston. 

1860. The first really practical gas engine 
was patented by Lenoir, a Frenchman. In 
construction it was similar to a steam-engine, 
being double-acting and having slide valves to 
control the admission and exhaust of the gases. 
The cylinder was water-jacketed and fitted with 
electric ignition. Later, Hugon replaced the 
latter by flame ignition, and for a time these 
engines had a large sale, both in France and 
England. Their extravagant consumption of 
gas (100 cub. ft. per i.h.p.h.), however, militated 
against them, but they at least served to show 
the possibilities of the utilization of gas power. 

1862. In this year a remarkable descriptive 
patent was taken out by another Frenchman, 
Beau de Rochas, who approached the problem 
from the scientific standpoint, and laid down 
principles which have remained the foundation 
on which the efficient working of the gas engine 
is based. 

1866. An “atmospheric” engine was con- 
structed by two Germans, Otto and Langen. 
It had a vertical cylinder, and the piston-rod 
was in the form of a rack gearing with a pinion 
incorporating a “‘free-wheel.” The mixture 
was drawn into the cylinder by a slight upward 
movement of the piston and was then ignited. 
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The resulting explosion drove up the piston, the 
same ascending freely. The products of com- 
bustion were then cooled, and the atmospheric 
pressure on the top of the piston caused it to 
descend, the pinion now driving the crankshaft 
through the medium of its internal ratchets. A 
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fly-wheel was necessary to ensure steady running. 
In spite of rather noisy working, these engines 
were manufactured in large quantities (though 
only in small sizes), the gas consumption being 
about 40 cub. ft. per i.h.p.h. Messrs. Crossley 
Bros., Ltd., were the licensees in England, and 
a view of this type of engine as made by them is 
shown in Fig. 2 (Frontispiece). 

1870. A similar engine was constructed by 
Bisschop, but the piston did not run free as in 


the Otto and Langen engine, and the cylinder 
had external ribs instead of a water jacket. 

1876. In this year Dr. Otto sought to put 
into practice the principles laid down by Beau 
de Rochas in 1862, and produced the famous 
“Otto ” engine, from which the true develop- 
ment of the modern engine has taken place. 
Many new features were introduced, though the 
admission of the charge was still controlled by 
a “slide ” and ignition was effected by a gas 
flame. Fig. 3 shows one of the first of these 
engines as constructed by Messrs. Crossley Bros., 
Ltd. 

1879. Mr. James Robinson patented a “ two- 
stroke cycle ” engine in which the front of the 
piston was utilized to draw in a charge and 
slightly compress it before transferring it to the 
working end of the cylinder. 

1882. Mr. (now Sir) Dugald Clerk invented 
his “ two-stroke ” engine in which the prelimin- 
ary compression was carried out in separate 
cylinders or pumps. The modern Körting 
and Oechelhauser engines are developed from 
this. 

1884. A “ differential ” engine was produced 
by Mr. Atkinson. By an ingenious combina- 
tion of links the piston had a longer stroke for 
expansion and exhaust than for suction and 
compression. Theoretically, this is desirable, 
but the invention was not satisfactory from a 
mechanical point of view, and was superseded 
by the “Cycle” engine which combined the 
above advantages with more durable mechan- 
ism. The consumption of gas was only about 
26 cub. ft. per i.h.p.h., and many of these engines 
were manufactured for a time although the 
principle is not utilized in modern engines. 

1890. In this year the Otto patent expired, 
and many firms previously working along other 
lines were now free to develop new designs 
based on the principles of the Beau de Rochas 
cycle. 
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LESSON II 


FURTHER WAYS OF USING 
FORMULAE 


Ir you have worked example 4(b) of Exercise I, 
you found that for a wire weighing 0-12 lb./ft., 
stretched between posts 180 ft. apart by a 
tension of 240 1b., the sag was 24:3in. You 
probably thought this excessive ; it is. How 
could it be decreased? By pulling it tighter, 
le. by increasing the tension. Now comes the 
question. What must be the tension to reduce 
the sag to, say, g in. ? 


| 3w? . 
We know that d = AIF and that w = o-12, 


l = 180 ; d is now to be 9. Putting the num- 
bers in place of the letters we know, we have 
3 X 0-12 X 180 X T80 5832 
= 2T =g a (x) 
What must T þe to make this a true state- 
ment? Put into words. If 5,832 divided by 
T is 9, what is 7? In any division sum, if 


we multiply the answer by the divisor, we get 


the number we started with. So, in our case, 
we must have 


9T = 5832 ; ; (2) 
Statement (2) says the same thing as state- 
ment (1), but in a different way. It leads to the 
question. If 9 times T is 5,832, what is T? 
How do you find out? Divide by 9. So 


T = 53 _ 648, Ween oo 5) 


Note what we have done ; starting with a 
formula for d we have used it to find T, one of 
the other quantities occurring in the formula. 
In the same way, it would be possible to find 
ther w or J, provided that in each case we 
snow the values of the other three quantities 
n the formula. It should be quite evident 
hat the ability to use formulae in this way is 
in essential part of the mathematical equipment 
f any engineer. 
teps closely with a view to finding the rules, a 
nowledge of which will save time and thought 
n the long run. j 


We will therefore examine the - 


Cross-multiplication. A large number of cases 
which have to be dealt with of are the type 
one fraction = another fraction. 
Statement (1)—-it would be called an equation 
since it contains an equals sign (=)—is practi- 
cally of this type, though 9 is not a fraction. It 


would have been had the sag been 24 (or l say, 


instead of 9. (The 9 can be written 2 to do 


so may make the rule more easy to use, at first.) 
Somewhere in one of the fractions is a letter 
whose value we seek. Statement (equation) (2) 
is obtained from equation (I), and is cleared of 
fractions ; such a clearing of fractions is a very 
important step in working. 


Let us take a few simple cases, (a) A = 


9 over what ? 12, of course. 


over 55? 22. Now in each case we have been 
able to answer at once, because the numbers 
were easy ; with larger numbers we shall want 


3. © 


a rule. We have seen in (a) lS a Do. 

you notice that 3 x 12 =4 x g? Try again 
2 

on Aa Is2 35 = 5° G2? Make 


up as Many more examples, testing them, as 
are necessary to convince you that, whatever 
numbers a, b, c, and d stand for, 


if = = 3 then ad = bc. 


The use of this rule—cross-multiplication— 
will enable us to clear of fractions in the simple 
cases that most frequently occur. 

The step from equation (2) to equation (3) is 
simpler, and should be clear, if not at once, 
after studying the illustrative examples below. 


Illustrative Examples. 
n andl 
T B ae find w. 


Cross-multiplying, 3 x 60 = 8 x wW, i.e. 3 
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times 60 (or 180—though it is waste of time 
to multiply out, when a division is to follow ; 
do both together by cancelling the fraction you 
get); 3 times 60 is 8 times w; what is w? 
To find it, divide by 8. 


3 X 60 
Me Nie e eS) 
Den 29 
Gas Ak 2 = 4h’ find h. 
Cross-multiplying, 5 X 144 = 2 X 315 
Pos 2 X 315 | 
Dividing, h= mA 


Again, there is no need to multiply out after 
cross-multiplying, leave that until you have 
cancelled (the cancelling is not shown—it is 
easy). 


EXERCISE II 


The letters in the following stand for numbers. Find 
them. 


4 _ 160 A 96 E O wR 
(1) er ie (3) 4 3n (5) sr 214 
8 x 75 10 O14 
DN ee ae ee A a ee 6) 11:8 = =—— 
Qe T (4) : (6) 7 


Solving Equations Derived from Simple 
Formulae. Having seen that a formula can be 
used to find any of the quantities occurring in 
it, and having studied the tricks of cross- 
multiplication and division that enable us to do 
this, we will proceed to some more illustrative 
examples of the use of formulae in this manner. 
First let us rework the example at the beginning 
of this lesson, giving only the essential steps 
without the full explanation, and without doing 
the multiplications and divisions before the final 
result is obtained as a. fraction. 


D 


[2 
f r. Given d = ar „w = 0:12, l = 180,d =9, 
find T. 
Substituting values, 


301012 X T80 X 100 
2T 


Oy == 
Cross-multiplying, 
9X 2T = 3% 0:12 5G180 RO 
Dividing, 
3X o-12 X 180 X 180 
ee 


2. Using the same formula, find w when T = 
240, l = 120, and d = 6. 


T = 


= 648. 


` Substituting values 
6 3w X 120 X 120 
Ja 2 X 240 


Cross-multiplying, 
2X 240 X 6 = 3W X 120 X 120 
Dividing, 
2 X 240 X 6 ¥ 
T 3% 120 X 120, 15 


3. What is the greatest distance allowable 
between the posts if the wire, when stretched 
by a tension of 300 lb., is not to sag more than 
5in.? The wire weighs 0-075 lb./ft. 

Here we have to use the same formula to 
find 1, when T = 300, d = 5, and w = 0:075. 


Substituting values, 
3 X 0075 
~A B00 
Cross-multiplying, 
2 X 300 X 5 =3 X 0075 
Dividing, 
2 X 300 X 5 


Pa x 6076 Be 


This time we have found the square of l; so 
to find | itself we must take the square root, i.e. 


l= V13,333°3 = II15°4 ft: 


In this example, we might have postponed working 
out the numerical value of the fraction, but nothing 
would have been saved, if the square root is to be 
found by the arithmetical process. Later, when 
logarithms are used (they will be explained in the near 
future), it will be advisable to postpone the working. 


EXERCISE III 


1. Use the formula of this section to find— 
(a) T, when w = 0-15, l = 150, d = 4'5. 

(b) w, when T = 560,/ = 14, d = }. 

(c) I, when T = 250, w = $}, d = 5. 


WL 

J pay Se 
2. Use the formula A afd ( 
meaning) (a) to find L, when A = 20, W = 60, f = 6, 
ae 

(b) To find f when A = 15, W = 75, L = 720, 
di A8: 

(c) To find d when A = 36, W = 108, 
f=s6. 


see Lesson I for its 


L = bog 


, calculate— 
25% 


(a) r, when h = 3, W = 5, U = 45. 
(b) v, when h = 5, w = 4'71, r = 1884. 
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“Changing the Subject” of a Formula. In 
the preceding section it has been shown how 
formulae can be used to find the value of any of 
the letters that occur in them; in particular, 


30? 
how the formula d = oT can be used to find, 


not only its “subject” d, but also w, J, and T. Now 
it should be clear that the rule for finding, say 
I, must be the same whatever numbers we are 
given for the others; and similarly for w and J. 
In other words, there must also be a Jormula for 
T. Moreover, if T had to be found many times, 
it would be a saving of time to find this formula 
and use it. Now it can be done with the num- 
bers substituted for the letters ; the letters 
stand for numbers ; they can, then, be used in 
the same way as numbers. To illustrate this, 
we will work the examples (1), (2), and (3) of 
the preceding section by obtaining the formulae 
first. Compare the steps of what follows with 
those of the working already given, and see that 
at any point they become exactly the same the 
moment the letters are replaced by the numbers 
they stand for. 


T. a= 


aul 
2 


Clearing of fractions, 


2Td = 3u/* mea) 
Dividing, 
[2 . 8 8 
T= s ek © ors ae as before. 


Before doing (2) and (3) note (a) that there is 
less writing ; (b) that there is much less chance 
of copying a letter wrong than a number; 
(c) that the step ( A) will form a starting-point 
for (2) and (3); and, most important of all, 
(4) we have obtained a formula whereby T may 
be calculated with the minimum of labour for 
any set of values of d, w, and l. We have 
changed the subject of our formula from d to T. 


2. 2Td = 3w (A) again 
Dividing, 

2Td 21X 240 X 6 

w = I =n A 156 as before. 

TAERU (A) 
Dividing, 

ae 

~ 3w 


Taking square root, 


po. (228. (a 300 x 3 
3w 3 X 0075 


leading to the same result as before. 

Another Example. We will take another 
formula—that for the central deflection d of a 
beam of length L, breadth B, depth D, Young’s 
modulus Æ, with a central load W (with any 
consistent set of units)—and in all possible 
ways 


WI? 
a SDE 
Cross-multiplying, 4BD%Ed = W L3 
B WIS 
The breadth = 4D°Ed 
3 WL? 
The depth D “BEd 
ae 
Taking cube root, D= ee 
: W L? 
For E E= 4BD 
BD’Ed 
For the load Wee 
L 
a 4BD°Ed 
The length Leiz a a 
3 
Taking cube root, is y D 


EXERCISE IV 


Practise changing the subject of all the formulae used 
in the examples already given, and also in the follow- 
ing— 


2 
Haj S P (relating to the stress in a fly-wheel rim), 
aflu 2? s iras 
De Mt = 7 (relating to the flow of water in pipes). 
& 
f= ee (relating to the compression of a 
spring) 


INDICES AND LOGARITHMS 


Labour-saving Methods of Calculation. It is 
evident that the engineer is called upon to 
perform, in the course of his work, many 
calculations, and to do them by ordinary 
arithmetical processes can be both laborious 
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and lengthy. A means of shortening most of 
them was invented by John Napier (1550-1617), 
and improved by Henry Briggs (1561-1631)— 
both British. These logarithms, as they are 
called, were very soon in common use by those 
who had many calculations to perform, and in 
1624 Edmund Gunter—also British—invented 
the Slide-rule,1 which is based upon logarithms. 
Instead of following the rather roundabout 
methods of the inventor, it is probably simpler 
to approach them via indices. 

Rules for Indices. In the course of Lesson I, 
Index and Power were explained. It was there 
stated that 

I. 2X 2X 2X 2X 2 is written shortly as 
2° (the 5, called the index, showing the number 
of factors). 

Ae AUN number Buse eK Woe w Ge 
2° or 32, is called the fifth power of 2. 

Multiplication. Suppose we want to multiply 
25 by 2°. If we write them out at length, we 
have 


LETS PRIETO Sl CNRS KOPN SCH 
Zee) 


which is the same as 
LOK 2 KOR IR IK 2K 2 XKa Ze 


nN 
œ 


That is to say 
25 X28 2 


It should be clear that the product of five 2’s 
and three 2’s is a string of eight 2’s, all multiplied 
together ; that in all such cases, the number of 
factors in the product must be the swm of the 
numbers of factors in the powers that are 
multiplied ; that the index of the product is 
the sum of the other indices. We have, then, 
the rule— 

To multiply powers (of the same number), add 
the indices. 


1 See special articles upon the Slide-rule to be 
issued in the EDUCATOR later. 


EXAMPLES. 

32 x 34 = 38: 48x =i; 

a Xar = AU 0s aun Vero: 

Division. Since division is the inverse of 
multiplication we might expect that to divide 
powers we should have to subtract the indices. 
An example will show that this is so 


SBE Dex Does as 
F 2x3 A 


As many 3’s have been cancelled on top as 
there are 3’s at the bottom; the number of 
3's remaining is the difference of the indices, 
1e.6—20r4. Thus— 

To divide powers, subtract the index of the 
divisor from that of the dividend. 


EXAMPLES. 
22 2s 
a—a*=@ ora; 


Spice ye 34 


37 + 34 = 33, 
pe 2L pë = p>. 
Zero Index. One important result is obtained 
when the two indices are equal. Thus— 


By the rule above, 23 — 23 = 29 (subtract- 
ing indices) 

But, evidently 23 128 =T 

Therefore, au 


In the same way, if we take any power of any 
number, and divide it by itself, the answer must 
be I ; at the same time, subtracting the indices 
will give us o. In symbols 

a” = a” 
a” — a" 


a? (by rule) ; 
I (evidently). 


ll 


Therefore, a? = 1, for any value of a. 
In particular, 10° = x, a result wanted later. 


ANSWERS TO EXERCISE I 
. (a) 4:1888 cub. ft. (b) 65°45 cub. in. 


11:2 hp. 

. (a) 500. (b) 9. (c) 96. 3 

. (a) 4in. (p) 24:3 m: (c) 7°68 in. 
. 40 tons, 32 tons. 


nAn 
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LESSON II 


IN the last article we followed the changes of 
molecular condition or state that occur as we 
apply heat to a substance, and how gaseous 
pressure is produced. 

Vapour Pressure—Boiling Point. In a liquid 
the mutual attractions of the molecules are 
obviously equal in all directions in the interior, 
but are one-sided at the surface, having a strong 
tendency inwards. This effect gives rise to 
“ surface tension.” 

But the molecules at the surface, due to their 
kinetic energy, are tending to break bounds, 
and some eventually will escape into the space 
above the liquid. The tendency to escape 
increases with the temperature. 

At low temperatures the kinetic energy of the 
surface molecules is small, but gradually mole- 
cules will break away and, if the space above is 
not confined, will not return—in other words, 
evaporation takes place. 

If, however, the space above be confined then, 
at any given temperature, as many molecules 
will be breaking away in a given time as will be 
caught back again. Hence, once the space 
above the liquid has become saturated with 
molecules no further liquid will evaporate at 
that temperature. The bombardment of the 
escaped molecules is called the vapour pressure 
or tension of the liquid, and is a measure of the 
tendency of the liquid to change into vapour at 
any given temperature. 

Imagine the liquid to be contained in a 
cylinder fitted with a movable piston, which 
presses on the surface with a constant pressure 
P. Then as we supply heat to the liquid the 
vapour pressure increases as the temperature 
increases until, when the vapour pressure just 
balances the external (piston) pressure, there is 
nothing external preventing the molecules 
escaping, and any further heat added does 
intérnal work in tearing the molecules apart, 
as before described, without change in tempera- 
ture, and vapour is formed throughout the 
interior of the liquid, and not on the surface 
only. 

The liquid is then said to boil. Thus, the 
definition of the boiling point of a liquid is—that 


temperature at which the vapour tension of the 
liquid is equal to the external pressure. 

Thus, the boiling point of a liquid rises as the 
pressure is increased, or there is a definite boiling 
point corresponding to any given pressure. It 
will be understood that boiling can only occur if 
the containing vessel can increase its volume 
to accommodate the vapour as it is formed, 
e.g. in the cylinder considered the piston can 
rise. In an actual steam boiler the water 
vapour is removed as fast 
as it is formed, which 
amounts to the same thing. 

Now as soon as all the 
liquid has been converted 
into vapour by the applica- 
tion of the latent heat, the 
temperature starts to rise 
again; in other words, 
the vapour is superheated 
above the temperature cor- 
responding to the pressure P 
at which it was formed, the 
volume again increasing. 

It will now be realized 
that the so-called per- 
manent gases, e.g. hydro- 
gen, oxygen, etc., which are in the gaseous state 
under ordinary atmospheric conditions of tem- 
perature and pressure, are really highly super- 
heated vapours of liquids, whose boiling points 
under atmospheric pressure are extremely low, 
so that for all ordinary changes of temperature or 
pressure they will not condense to liquid form. 

The working fluid in a heat engine consists 
either of a vapour which can be condensed, or 
a permanent gas, and we will first of all consider 
the properties of the latter in detail. 


PROPERTIES OF GASES 


Boyle’s Law states that the volume of a 
gas varies inversely as the pressure, the tem- 
perature being constant, 1.e. 


if 
12 Ce po PV = constant 


This result is quite in accord with the mole- 
cular theory just considered, since if, for 
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example, the volume of the gas is halved, the 
paths of the molecules will be halved, but, 
since their kinetic energy is unaltered as the 
temperature is the same, the impacts of the 
molecules on the containing walls will now be 
doubled—hence causing double the original 


pressure. 
Charles’ Law states that under constant 
pressure, equal volumes of different gases 


expand equally for the same increase in tem- 

perature. 

Let V, = volume of a given mass of any 
gas at o° C. 


V = the volume at £ C. 
Then at constant pressure 


V = V, (xz + a?) 
where a is called the coefficient of expansion of 
the gas ; and thus, if the law is to hold, a must 
be constant for all gases. 
On the Gane scale 


a = yi, of the volume at 0° C. 
On the Fahrenheit scale 
a = zy of the volume at 32° F. 
Now suppose a given volume of gas V, at 
0° C. is cooled below o° C. by #° C. 


aa Va [1-at] 


t 
=r [=~ a5] 


Thus, at a temperature ¢ = —273° C. the volume 
V vanishes, and therefore as we approach this 
temperature the gas approaches a condition in 
which it can have no heat. 

This temperature is therefore called the 
absolute zero of temperature. 

On the Fahrenheit scale the absolute zero is 
—[492-32] = -460° F. 

Hence on the absolute temperature scale 
where o° = absolute zero 


t° C. is equivalent to [t + 273°] C. absolute 
fF b sA [ż + 460°] F. absolute 


We oe have 


t 273 +# 
va V.|2+ a5 | E 273 ] 


1 
° 273 

Where T = absolute temperature correspond- 
ing to ¢°C. 

S V = constant x 7 


Then the new volume V 


= V 


or V œx Abs. Temp. T, the pressure being 
constant. 
Again, 
Let V, = volume of a given mass of gas at 


o° C. or 273° C. absolute, and let its pressure be 


‘Suppose both pressure and volume change to 
Pand V! at constant temperature. 

Then by Boyles law P V1 = P, V,. 

Now suppose the absolute temperature is 
changed to T at constant pressure P. 

Then, by Charles’ law, the new volume will be 


T°. PPV Aen 


eat. = 
a á 273 E 273 
PV 
P ET 
Om JANA 273 
Büt R, V, = constant, TPT ERI 


This is the characteristic equation for a gas. 
V is the volume of the given mass of the gas, 
thus the value of the constant R will depend on 
the mass of gas considered. 

It is usual to consider unit mass 1 lb. of the 

as. 

Taking 1 lb. of air, P 
cubityand eee 

T =° C. absolute, then R = 96 

or PV = o6T itb. 
or if T = ° F. absolute, 


= Ib. per sq. ft, V = 


6 
PVs s ToT 


If a mass wlb. of air be considered, then, 
using the values of R obtained above for 1 lb. 
of air, we can write 


PV =w. 96. T° C. absolute 
or PV =w. 53:2. T° F. absolute. 


where V is the volume of the wb. of air or 
V/w is the volume of 1 lb. air. 


PROBLEMS. (1) It is known that the volume 
occupied by a mass of gas, having a weight equal to 
its molecular weight, is the same for any gas under the 
same conditions of temperature and pressure. When 
the molecular weight is measured in 1b., this molecular 
volume is 357 cub. ft. at a pressure of 14:7 lb. per sq. in. 
and temperature o° C. 

Determine the value of the constant R in the equa- 
tion PV = wRT for hydrogen and carbon dioxide, 
the molecular weights of which are 21b. and 44 lb. 
respectively. 


Solutions. 
R for H, = 1,384 ft.-lb. per Ib. 
R for CO, = 62:9 yy s 
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TECHNICAL CONSIDERATIONS 
AFFECTING DESIGN 


Hypothetical Diagram. Before proceeding to a 


consideration of different types and arrange- 
ments of the reciprocating steam-engine, it may 
be of advantage, first to discuss the action of the 
steam in the cylinder, and other factors which 
affect the design of the working machine. 

Fig. 2 shows in full lines a hypothetical dia- 
gram of the variation in pressure and volume 
of the steam, during its passage through the 
cylinder. 

Base A B represents, to scale, the stroke of the 
piston, and to some other scale, the piston-swept 
volume. Ordinates on the diagram represent 
the intensity of the steam pressure on one side 
of the piston, and a similar diagram may be 
constructed for the other side. The cycle 
represented by the hypothetical diagram is as 
follows— 

Commencement of stroke C to cut-off E. 
Admission of steam at constant absolute boiler 
pressure P}. 

Cut-off to end of stroke F. Expansion of 
steam according to assumed law—Pressure x 
volume = constant. 

End of stroke. Exhaust valve opens and 
pressure drops from terminal pressure P(B F) 
to back pressure P,(BG). 

Return stroke G to L. Steam is exhausted 
from the cylinder at constant absolute pressure 


5: 

Actual Diagram. Many influences modify the 
hypothetical diagram, and the probable indi- 
cator diagram, obtainable from an actual engine, 
is shown in dotted lines. It will be seen that 
the pressure P( AH), acting on the piston at 
the commencement of the stroke, is less than 
the boiler pressure P,, as some pressure differ- 
ence is necessary to ensure a steady flow. With 
well-designed steam pipes and passages this 
pressure drop CH may be reduced to small 
proportions, and should never exceed 10 per 
cent of the boiler pressure. As the valve opens 
and closes during the admission period HE, a 
further drop in pressure occurs, owing to the 
inability of the valve opening to admit steam 


quickly enough to maintain full pressure behind 
the piston. This “ wire-drawing ” of the steam 
causes the admission line to fall, and further 
wire-drawing takes place as the valve closes, at 
cut-off, giving the rounded corner at E,. The 
expansion curve, while closely approximating to 
the hyperbolic in actual engines using saturated 
steam, is greatly affected by condensation and 
re-evaporation of the steam, and the real nature 
of the expansion is exceedingly complex ; steam 
being condensed by contact with the cylinder 


Absolute Zero Pressure 


E > 
fh sin Lire e 


. HYPOTHETICAL AND ACTUAL 
INDICATOR DIAGRAMS 


Shaded areas represent losses due to condensation and leak, 
wire-drawing, clearance and compression, and incomplete 
expansion 


walls during admission and early expansion, 
and re-evaporated during later expansion, 
release, and exhaust. At release F; the dia- 
gram is again rounded off, due to the gradual 
opening of the exhaust valve, a little before the 
end of the stroke, which, however, facilitates 
the equalization of the cylinder pressure P, 
(BT) to the external back pressure P, at the 
commencement of the return stroke. Some 
difference in these pressures is necessary, how- 
ever, in order to maintain the flow, but with 
well-designed exhaust passages the difference 
should not exceed 2-3 lb. per sq.in. During 
the return stroke TU the pressure P, may 
remain constant or it may rise slightly until the 
exhaust valve closes at J, and the steam is 
compressed into the clearance space AM along 
the assumed hyperbolic curve JK. Clearance 
slightly increases the mean effective pressure in 
the cylinder, and the steam consumption, but 
it provides a space for the “ cushioning ” of the 
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steam, which assists in retarding and accelera- 
ting the reciprocating masses ; thus permitting 
higher speeds and smoother working. By 
giving “lead” to the admission valve, and 
causing it to open a little before the end of the 
exhaust stroke at K, “ cushioning ” is assisted, 
and a higher steam pressure ensured on the piston 
at the commencement of the next forward 
stroke. 

Calculation of Diagrams. It will be noted 
from the hypothetical diagram that the pressure 
on the piston during the forward stroke is repre- 
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Fic. 3. METHOD or_CALCULATING INDICATOR 
DIAGRAMS 


sented by the height of the line CEF, and the 
mean pressure during the stroke is the mean 
height of this line measured to the pressure 
scale. The work done on the piston is this mean 
forward pressure multiplied by the piston area 
and by the length of the stroke ; or the area of 
the figure ACE FB. During the return stroke 
work is done on the steam remaining in the 
cylinder. This may be regarded as negative 
work, and is represented by the area ALGB. 
The net work on one side of the piston during a 
single revolution of the engine is the difference 
of these areas, and is represented by the area 
of the enclosed figure LCE FG. The mean 
height of this figure to the pressure scale is the 
mean effective pressure (M.E.P.) for one side of 


the piston, and for the purpose of calculation the 
M.E.P. may be assumed to be the same for both 
sides. The calculation of the M.E.P. from 
theoretical or actual indicator diagrams may be 
made by “ Simpson’s rule,” or by dividing the 
diagram into a number of vertical strips of 
equal width, and finding the average of the 
pressures represented by the mean heights of 
the strips, as shown in Fig. 3. 

Where large numbers of diagrams are to be 
calculated, the work may be simplified by the 
use of the “ planimeter.” 

Curves of Expansion. The fact that the 
expansion curves in actual engine cylinders 
approximate to the isothermal for a gas (n = I 
in the general relation PV” = K) is merely a 
coincidence, and a large number of theoretical 
diagrams may be constructed with different 
values of n, and including or ignoring clearance 
and compression. For the ideal expansion 
represented by the “ saturation curve,” in which 
all the steam is assumed to be present through- 
out the stroke in a dry saturated state, n = 
1:0646. Steam expanding adiabatically tends 
to become wet and 7 is not constant, but Rankine 
gives as an average value n =1-111. For 
superheated steam the average value of m is 
greater than unity; approaching the value 1-3 
for adiabatic expansion, with superheats in the 
region of 450° F. The effect of the higher 
value of m is to reduce the ordinates of the 
expansion curve and so to reduce slightly the 
M.E.P. where superheated steam is used. 
Theoretical diagrams may be constructed for 
all these variations, but for approximate calcu- 
lations the hypothetical diagram shown in Fig. 
2 is usually assumed. 

Expressions for Mean Effective Pressure. An 
expression for the M.E.P. may be deduced from 
the hypothetical diagram which will give the 
M.E.P. in terms of the initial and back pressures, 
and ratio of expansion or cut-off for a single- 
cylinder engine without clearance or compression. 
The net work done on one side of the piston 
during a single revolution of the engine is given 
by the total area of the diagram which is 


144 PmVa = 144 (Pi Vy + PV, loger — pa Va) ft.-lb. 
whence p,p = D (1 + loger) — Ps ‘ i 


The terminal pressure at the end of expansion 
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P, = Absolute initial steam pressure Ib. per sq. in. 
P, = Absolute terminal pressure lb. per sq. in. 


P, = Absolute back pressure lb. per sq. in. 

pm = Mean effective pressure lb. per sq. in. 

V, = Piston-swept volume at cut-off, cub. ft. 

V, = Piston-swept volume at end of stroke, cub. ft. 
-v = Ratio of expansion = a or 7 


For a given ratio of expansion, , (xr + loger) 
= P, X constant, and values of this constant 
are given in various engineers’ handbooks, so 
that the theoretical M.E.P. may be found by 
multiplying the initial pressure by the constant 
corresponding to y and subtracting the back 
pressure. In condensing engines the back 
pressure-may be taken as about 4 lb. absolute, 
and in non-condensing engines about 17 lb. 
absolute. The terminal pressure P, may be 
about 10 lb. for condensing engines, and about 
20-24 lb. for non-condensing engines. 

/Owing to the various factors which modify 
the area of the indicator diagram, the M.E.P. 
given by formula (I) is not achieved in practice, 
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and a closer approximation to the actual 
M.E.P. may be obtained if clearance and com- 
pression, and variation in the value of m are 
taken into account. Under these conditions the 
expression for M.E.P. becomes 


MEAN FORWARD PRESSURE 
E +f c +f n—1 
aes E3 j 
MEAN BACK PRESSURE 
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MEE 
where c = fraction of stroke completed at 
cut-off. 
= fraction of return stroke completed 
at commencement of compression. 
f = ratio of clearance volume to piston- 
swept volume. 

This expression is somewhat inconvenient in 
use and the M.E.P. is usually calculated from 
formula (x) and corrected by a “ diagram fac- 
tor,” found from experience of engines similar 
to the one under consideration. 
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DIESEL ENGINES 


CONSTRUCTION, OPERATION, AND MAINTENANCE 


By A. Orton, A.M.I.Mecu.E. 


LESSON II 


THE FOUR-STROKE 
DIESEL ENGINE 


THE general construction of Diesel engines 
follows closely that of other internal combustion 
engines, so far as the main working parts are 
concerned, and engines working on the four- 
stroke cycle and the two-stroke cycle, and in 
the single-acting and double-acting form, are 
in successful operation. Almost without excep- 
tion the vertical type has been adopted and we 


B. z D: 
Compression. Working. Exhaust. 


EVENTS IN FOUR-STROKE SINGLE-ACTING 
DIESEL ENGINE 


A. 
Suction. 


Fic. 4. 


shall therefore now describe in detail the four- 
stroke and two-stroke systems with the aid of 
diagrams illustrating the single-acting vertical 
type. 

Referring to Fig. 4, the first stroke is repre- 
sented at A, which shows the piston moving 
downwards and pure air flowing into the 
cylinder through the inlet valve. 

The second stroke is shown at B, where the 
piston is moving upwards and compressing the 
air to a pressure reaching, at the end of the 
stroke, about 480 lb. per sq.in. All valves in 
the head are shut during this stroke. 

At C is illustrated the third stroke, or working 
stroke, which may be divided into two parts— 
combustion and expansion. During the first 
part, which occupies about 34° on the crank 


circle, fuel is injected through the valve in the 
centre of the head and burned, the pressure in 
the cylinder remaining constant ; while during 
the second part of the stroke the gases in the 
cylinder expand behind the moving piston. 

During the fourth stroke, shown at D, the 
piston is moving upwards driving out the gases 
through the open exhaust valve in the cylinder 
head. 

The indicator diagram, shown in Fig. 5, will 
make clear the actions described above. In this 
diagram the line OX represents absolute zero 
pressure, whilst OY represents the zero volume. 
The horizontal distance OA measures the clear- 
ance volume, whilst OB measures the total 
volume of the cylinder. The ratio OB to OA 
therefore expresses the “ compression ratio,” 
which in the Diesel engine, has a value of about 
14 to 14:5. The horizontal distance AB 
naturally represents the “ stroke-volume ” of 
the piston. The thick line OB represents the 
suction stroke and is slightly below the atmo- 
spheric line. The curve BC shows how the 
pressure rises during the compression stroke. 
The flat line CD represents the combustion 
period, during which the piston moves about 
one-tenth of its working stroke, the volume 
of gas behind the piston meanwhile increasing 
to rather more than double the volume at C, 
the pressure, however, remaining constant, 
because heat is added, by combustion of the 
fuel oil, just rapidly enough to cause such a 
gradual rise in temperature as to prevent the 
pressure falling. This illustrates clearly what 
is meant by the term “ combustion at constant 
pressure.” 

At point D the supply of fuel ceases, and the 
pressure therefore begins to fall as the gases 
continue to expand behind the moving piston. 
Expansion continues to the point Æ, where the 
exhaust valve opens, allowing the products of 
combustion to flow away to the atmosphere. 
By the end of the stroke, at F, the pressure 
has diminished considerably, while on the 
exhaust stroke, from F to A, it remains just 
a little above atmospheric, due to the resist- - 
ance to the flow of the gases through the exhaust 
valve and passages. The difference of pressure 
between the suction line AB and the exhaust 
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line FA is somewhat exaggerated in the diagram 
for the sake of clearness. 

We can now proceed to consider the separate 
elements which make up the cycle of events. 
These elements will be taken as suction, com- 
pression, injection, combustion, expansion, and 
exhaust. 

Suction. -During the suction stroke air is 
drawn into the cylinder from the surrounding 
atmosphere. By contact with the hot cylinder 
walls, and by mixing with the hot exhaust gases 
remaining from the previous cycle, the tempera- 
ture of the entering air is raised. At the same 
time the pressure in the cylinder falls slightly, 
due to the suction effect of the rapidly moving 
piston. Thus, at the end of the suction stroke 
the cylinder is full of air, slightly diluted with 
exhaust gas, at a somewhat higher temperature 
and a slightly lower pressure than that of the 
surrounding atmosphere. 

Now the purpose of the suction stroke is to 
recharge the cylinder with fresh air, and the 
degree with which this is accomplished is called 
the “ volumetric efficiency ” of the engine. This 
term may be defined thus— 


Volumetric efficiency = 


Volume of fresh air drawn in (as at atmo- 
spheric temperature and pressure) 


stroke volume of piston. 


If the temperature, pressure, and degree of 
dilution of the cylinder contents were known, 
then it would be easy to estimate the value of 
this efficiency, since we know that the volume 
of the air varies directly as the absolute tempera- 
ture, and inversely as the absolute pressure. 
The pressure may be measured with an indicator, 
the degree of dilution calculated approximately 
from the known volume, and an assumed tem- 
perature (which may be taken as equal to the 
measured temperature of the exhaust gases), 
of the residual gases, whilst the temperature 
may also be estimated roughly, though it is not 
possible to know exactly how much heat is 
gained from the cylinder walls. In order to 
get some idea of the volumetric efficiency we 
will take some assumed values and make a 
calculation. 

Let the atmospheric pressure and temperature 
have the values 14-7 lb. per sq. in. absolute and 
60° F. (520° absolute). Let the volume of the 
clearance space be taken as one unit, the stroke 
volume of the piston as 13-2 units, and conse- 
quently, the whole volume of the cylinder 
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14:2 units. The volume of the exhaust gases 
in the clearance space when cooled to the tem- 
perature of the new charge can be taken as 
0:5 units, since the absolute temperature of the 
new charge is about half that of the exhaust 
gases. We will assume also that the pressure 
and temperature of the contents of the cylinder 
at the end of the suction stroke be 13-7 lb. per 
sq.in. absolute and 100° F. (560° absolute) 
respectively. 

500 


4 
s “4 Full Load 
8 D 
x300 


INDICATOR DIAGRAM OF FOUR-STROKE 
DIESEL ENGINE 


FIG. 5. 


Then the volume of fresh air in the cylinder, 
corrected to atmospheric pressure and tempera- 
ture, is 
13°7 520 


(14:2-0°5) x 147 X 560 units 
= 11°85 units, 
and the volumetric efficiency will then be 
11°85 


mae -898 or 89°8 per cent. 

These arbitarily chosen, but reasonably prob- 
able, figures may be taken as roughly correct for 
an engine of normal design and rating at full- 
load. 

It is also easy to see that the volumetric 
efficiency is decreased by (1) small inlet valve 
areas and high piston speeds, which bring about 
lower suction pressures, and (2) higher loads, 
which carry with them higher exhaust tempera- 
tures, and therefore higher temperatures of the 
residual gases and the cylinder walls. The 
importance of volumetric efficiency lies in the 
fact that the maximum amount of fuel that can 
be burned, and, consequently, the maximum 
power the engine can develop, depend directly 
upon the quantity of fresh air actually taken 
into the cylinder. 
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By ARTHUR GrouNDs, B.Sc., A.I.C., Assoc.M.I.Min.E., A.M.C.T. 


LESSON II 
COMBUSTION OF COAL 


In calculating the results of boiler trials so as 
to ascertain the thermal efficiency of the boiler 
under test, the main factor requiring the atten- 
tion of the engineer is the calorific value, or 
heating value of the coal used, since it is desired 
to set up a “ heat balance ” which shall show, 
on the one hand, how much heat has been 
supplied to the boiler furnaces in the fuel burnt, 
whilst on the other hand must be shown where 
that heat has been utilized or wasted. If we 
wish further to examine the heat losses, however, 
and to ascertain how much of the heat of com- 
bustion of the coal has been lost as heat con- 
tained in the flue gases passing away up the 
stack, we can only do this by subjecting the coal 
to what is termed “ ultimate analysis.” By this 
term we mean that the coal is analysed in order 
to find out exactly what proportions of the 
various chemical elements it contains. Coal 
consists mainly of carbon, which is a chemical 
element, and must not be confused with the 
term which is often loosely applied to other 
impure materials, such as arc light carbons, gas 
retort carbon, fixed carbon, etc. These latter 
bodies certainly contain a very high percentage 
of the chemical element carbon, but they also 
contain hydrogen, oxygen, sulphur, and often 
a certain percentage of mineral matter in the 
form of ash. Another element present in coal 
is hydrogen, which is often combined with car- 
ben to form one of the enormous number of 
organic compounds. Oxygen is also one of the 
constituent elements of coal, whilst the remain- 
ing two elements are nitrogen, usually combined 
with the carbon also, and sulphur. 

Sulphur may be present in a number of forms, 
the chief sulphur-bearing constituent being iron 
pyrites, or “ brasses,” which can be easily seen in 
many coals as golden layers running through the 
mass of the coal. When this “ brasses” is heated 
the sulphur combines with the oxygen of the 
atmosphere to form a gas called sulphur dioxide, 
which is also produced by the combustion of 
compounds of sulphur with carbon. The 
balance of the coal is made up of moisture 
and ash. The latter constituent varies very 


considerably in proportion for different coals, 
and has been introduced into the coal as mineral 
matter, which has been washed down into the 
decaying vegetation when the coal beds first 
began to form, as inherent mineral matter in the 
original plants, and as dissolved mineral matter 
which has been introduced by percolation of 
saline liquors through the coal beds after their 
formation. The shale which accompanies coal 
can be very largely removed by washing the 
coal at the colliery before transporting it to the 
works, and although washed coal is dearer than 
raw coal, it often pays to use such clean coal, 
especially in congested areas within townships 
and cities. The washed coal has naturally a 
higher heating value, and better transmission 
of the heat is secured through the furnace tubes 
or water tubes of the boiler, whilst the extra cost 
is often offset by the fact that the cost of hand- 
ling ashes and clinker from the boiler plant is 
greatly reduced as compared with plants using 
raw coal. The actual analysis of the coal is a 
matter for the analytical chemist, and it is not 
proposed to deal with the question here. But 
we must understand how the composition of 
the coal is made use of by the engineer in 
calculating out where and to what extent the heat 
of combustion of the fuelis either used or wasted. 

When the carbon in the fuel burns, it combines 
with the oxygen of the atmosphere to form one 
of two compounds. If sufficient air be admitted 
to the furnace, the carbon unites with the 
oxygen to form carbon dioxide. The chemical 
symbol for carbon is “C,” whilst that for 
oxygen is “ O.” We can thus express this act 
of burning or combustion by an equation, thus 


Ca Oe CO), 


This equation is another way of saying, ‘‘ One 
atom of carbon combines with two atoms of 
oxygen to give one molecule of carbon diox- 
ide.” Now the relative weights of the atoms of 
carbon and oxygen are in the ratio of 12: 16, so 
that we can also express the equation by saying 
that 12 parts by weight of carbon combine 
with 32 parts by weight of oxygen to give 44 
parts (ie. 12 + 32) of carbon dioxide. Air 
contains 23°01 per cent by weight of oxygen, so 
(Continued on page 73) 
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By Gro. W. BIRD, Wu.Ex., B.Sc., A.M.I.Mercu.E., A.M.1.E.E, 


LESSON IT 
STRESS-STRAIN DIAGRAMS 


THe behaviour of an elastic material, such as 
a metal, when subjected to a gradually increas- 
ing load, is a matter of great interest and 


Maximum Logg. 


Load ak Fracture 
General Extension Local Extensi 
rf aie Of WaisF 


Loads 


Extensions _ 


Fic. 3 


importance to engineers. The results of a 
tensile test are largely used to determine the 
suitability or otherwise of a material for a given 
purpose. Fig. 3 is the graph obtained by 
plotting the loads and correspond- 
ing extensions of a bar of steel 
subjected to an increasing tensile 
load. 

This. diagram is worthy of a 
little study. We note that with 
the loads increasing from zero, 
the graph is a straight line up to the Elastic 
Limit or Limit of Proportionality, indicating 
that the material obeys Hooke’s Law up to this 
point. From the Limit of Proportionality the 
graph curves a little from the straight line until 
the Yield Point is reached, showing that the 
extensions are increasing more rapidly than the 
Immediately beyond the Yield Point 
the increase in the extensions is much more 
rapid, but, farther along the graph, we note 
that the metal seems to recover somewhat and 
the extensions at first do not proceed at quite 
such a rapid pace. Following along our graph, 
which, now, is one of more and more rapidly 
increasing extensions with loads, we reach the 
point of Maximum Load. It is now that the 
waist, shown in Fig. 4, begins to form on the 


occurs at this place, until, with a reduced load 
the specimen finally breaks. 

To obtain such a graph as Fig. 3 we should 
require an autographic attachment to the test- 
ing machine, and the whole test would occupy 
a considerable time and require the services of 
a skilled operator. Now, all this is quite useful 
and necessary in an Engineering or Research 


Naist-Section ` 
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Laboratory, but in the ordinary commercial 
testing of materials it is felt that quicker and 
less expensive methods satisfy the require- 
ments. To assist in this matter, and for the 
benefit of engineers generally, the British 
Engineering Standards Association has 
given the following definitions of Yield 
Point and Elastic Limit or Limit of 
Proportionality. 


test piece, and the extension from now onward Fic. 5. 10-ToN VERTICAL SINGLE-LEVER TESTING MACHINE 


72 


B.E.S.A. DEFINITIONS 


Elastic Limit. The elastic limit is the point at which 


the extensions cease to be proportional tothe loads. In 
a stress-strain diagram plotted to a large scale it is the 
point where the diagram ceases to be a straight line 
and becomes curved. 

Norte. 


The elastic limit can only be determined by 


ENGINEERING EDUCATOR 


equilibrium of the lever, which is perfectly free 
to oscillate in a vertical plane to the extent 
limited by the buffer stops. The machine is 
fitted with the Buckton-Wicksteed Patent Bridle, 
which prevents deleterious effects due to shock 
when a test piece breaks, and greatly increases 


A 4 Nickel S 
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8 N Steel. N| Bronze. 
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the skilful use of very delicate instruments, and by the 
measurement of the extensions for small successive 
increments of theload. Itis impossible to determine it 
in ordinary commercial testing. 

Yield Point. The yield point is the load per square 
inch at which a distinctly visible increase occurs in 
the distance between gauge points on the test piece, 
observed by using dividers ; or at which when the load 
is increased at a moderately fast rate there is a distinct 
drop of the testing machine lever, or, in hydraulic 
machines, of the gauge finger. 

Nore. A steel test piece at the yield point takes 
rapidly a large increase of extension amounting to more 
than 53, of the gauge length. The point is strongly 
marked in a stress-strain diagram. 


TYPICAL LOAD—EXTENSION DIAGRAMS 


The shape of the stress-strain diagram ob- 
tained by the tensile test of a metal depends 
upon the nature of that metal, and a number of 
typical diagrams are shown in Figs. 6 to Io. 

We are indebted to Messrs. Joshua Buckton 
& Co., for the photograph and description of 
their well-known 


I0-TONS VERTICAL SINGLE-LEVER TESTING 
MACHINE (BUCKTON-WICKSTEED PATENT) 


This machine will impose and accurately 
measure loads up to Io tons, and will admit 
specimens in tension up to a maximum stretched 
length of 20 in. between grip boxes. The Poise 
Weight for applying the load is ro cwt., and is 
traversed along the equilibrated lever by hand. 
The Scale and Vernier are carried from the 
lever and graduated to read in tons, tenths, 
hundredths, and thousandths of tons. The 
Traversing Motion is transmitted to the poise 
weight through a Hooke’s joint having its axis 
in the same plane as the fulcrum, so that the 
weight is moved without disturbance to the 


the endurance of the knife edges. The single 
pair of Knife Edges and their beds are of 
specially treated hard steel, ground true all 
over. The Straining Head is driven by a 2 h.p. 
series wound reversing motor with hand gear in 
addition for use when very slow testing speed 
is required, through tangent gearing actuating 
two direct screws and nuts. The machine is 
fitted with a Pointer for indicating the move- 
ment of the steelyard, and showing when it is 
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Fic. 11. THE BucCKTON-WICKSTEED SPRING 
BALANCED AUTOGRAPHIC RECORDER 
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level. The Grip Boxes are of an improved 


lever operated type, the grips being set or 
released by a simple motion of one lever on each 
` grip box. 


Hard Steel Wedge Grips serve to hold 


flat and round specimens in tension. 


THE BUCKTON-WICKSTEED PATENT SPRING 
BALANCED AUTOGRAPHIC RECORDER 
This apparatus, which is shown attached to a 
Single Lever Testing Machine, furnishes a 


graphic record of the behaviour of a specimen 


under test. When the Recorder is in use the 
poise weight is retained in a fixed position on the 
beam, the outer end of which is suspended by a 
spiral spring whose characteristics are known. 
Thus, the load on the spring is relieved by the 
amount of the actual load taken by the speci- 
men, and the small movements of the end of the 
beam give a direct measure of the load carried 
by the specimen. The barrel of the recorder, 
which carries a sheet of squared paper, is rotated 
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by a tape connected by pulleys with the two 
crossheads of the testing machine, in such a 
manner that the extension of the specimen pro- 
duces an exactly corresponding rotation of the 
barrel. The pencil carriage is connected by 
another tape to the end of the beam, and thus 
the movements of the beam are communicated 
to the pencil. In the result, a diagram showing 
the exact extension and load on the specimen 
at every moment of the test is drawn upon the 
paper, and the diagram gives an unmistakable 
record of the elastic limit, the yield point and 
the percentage of extension. 


ANSWERS TO EXERCISE I 


I. 91053 tons per square inch. Increase in length 
0°02704 in. 

2. Diameter 0-7817 in. 

3. 13,290 tons per square inch. 

4. (i) 4°521 tons per square inch; (ii) 0:06383 in. 

5. Maximum stress in copper wire = I‘r12 times 
maximum stress in steel wire. 
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(Continued from page 70) 


that we can therefore calculate how much air 
is required to burn Ilb. of pure carbon, thus: 
I2 parts of carbon require 32 parts of oxygen to 
form carbon dioxide. Therefore, 12 parts of 


X 100 : 
ear parts by weight of 


air for its complete combustion. 1 1b. of pure 


32X10) o 

23°0n X T2 
air to burn completely to carbon dioxide. A Ib. 
of carbon, accordingly requires 11:589 lb. of air 
for its complete combustion to carbon dioxide. 
The volume of oxygen used for the combustion 
is exactly the same as the volume of carbon 
dioxide produced, if measured at the same 
temperature and pressure. The volume of air 
required for the combustion of 1 1b. of carbon 
is approximately 143:6 cub. ft., measured at 
32° F. and 760 mm. pressure, and the volume 


carbon will require 


carbon will therefore require 


6—(5462) 


of carbon dioxide produced will be 29-89 cub. ft. 
The air used for the combustion consists of 
29:89 cub. ft. of oxygen and 113-74 cub. ft. of 
nitrogen, which takes no part in the reaction 
of combustion and emerges unchanged. The 
gases produced by the combustion of 1 lb. of 
carbon would thus consist of 29-89 cub. ft. of 
carbon dioxide and 113-74 cub. ft. of nitrogen, 
if the exact amount of air required for the com- 
bustion of the carbon were to be used. If insuffi- 
cient air were to be admitted, the carbon would 
burn to form another compound called carbon 
monoxide, which is represented by the chemical 
formula CO, showing that it consists of one 
atom of carbon and one atom of oxygen, as 
compared with the ‘wo atoms of oxygen con- 
tained in the molecule of carbon dioxide. In 
the next lesson we shall see how the formation 
of this compound affects the steam boiler plant 
operation. 
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POWER TRANSMISSION BY BELTING 


By W. G. Dungey, B.Sc. 


LESSON II 


RELATION BETWEEN THE BELT 
TENSIONS FOR THE BELT TO 
DRIVE THE PULLEY 


Introduction. It has been proved by tests 
covering long periods that a belt liberally 
designed will, in the long run, prove economical 
in that it will give steady service without 
breakdown and consequent loss through stop- 
page of production. The factors involved in 
the study of belt problems are: (1) Angle of 
lap of belt on the pulley, (2) Initial belt tension, 


W=T Sin $+tSin $ 
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(3) The relation between the tension on the 
driving and slack sides of the belt, (4) The 
coefficient of friction between belt and pulley, 
(5) Distance between the pulleys, (6) Size of 
pulleys, (7) Belt speed. 

How a Belt Drives the Pulley. We shall con- 
sider now the effect of the angle of lap of the 
belt on the pulley. Let us first consider how a 
belt drives the pulley. Since the belt is loose 
on the pulley it must drive the pulley by means 
of the frictional resistance to sliding existing 
between the belt and the pulley surface. Now 
the frictional resistance tending to prevent one 
body from sliding over another depends on the 
pressure acting between the surfaces, and on a 
value called the coefficient of friction. This 


coefficient of friction is generally denoted by the 
Greek letter u. If a weight W rests on a sur- 
face, and it requires a force P acting horizontally 
to cause it to move against the frictional resist- 


B 
ance, then the ratio W = & the coefficient of 


friction. The value of u varies with the nature 
of the materials in contact, and with the state 
of the surfaces, whether smooth or rough. For 
any given value of u, we see therefore that the 
force P, which would be required to overcome 
the frictional resistance between a belt and 
pulley, is dependent on the total normal pressure 
which the belt is exerting on the pulley surface. 

Effect of Angle of Lap. We shall now see 
what effect the angle of lap of the belt on the 
pulley has as regards the total pressure between 
the belt and the pulley. Consider Fig. 3, repre- 
senting a belt on a pulley. Let the pull on the 
portion A B be tlb., and the pull on the portion 
CD be T lb., T having the greater value. The 
lap on the pulley is AC, and the angle of lap 
is AEC. The pull T can be resolved into a 


tangential pull T cos =, and a radial pull of 


T sin S , Where the angle cf lapis denoted by the 
letter a. The pull ¢ can similarly be resolved 


into a tangential pull ¢ cos = and a radial pull of 


a ‘ ; 
t sin 3 When the angle ais small, as shown, the 


total pressure W on the pulley surface will be 


TAg -ia 
T sinz + ¢sin > = 


wa 
> (T +t) sin > 


The frictional resistance due to this pressure 
would be 


“we (T +2) sin £ 
The force tending to overcome this friction 


is produced by the tangential force T cos $ 


acting against the tangential force ¢ cos = the 


POWER TRANSMISSION BY BELTING 75 


resultant of the two forces giving a pull 

(T-t) cos = Now if (T—t) cos = is greater than 

u X the pressure of the belt on the pulley 
=x (T +i)sin $ 


the belt will slip on the pulley. Now from the 
figure you will see that with such a small angle 
of lap the forces pressing the belt on the pulley 
are very small, and therefore the pull T will not 
require to be much greater than ¢ in order to 
give sufficient excess tangential pull to cause the 
belt to slip on the pulley. Now when we have 
a large angle of lap, we cannot determine the 
tangential force and the pressure of the belt on 
the pulley in so simple a manner, although the 
principle is the same. 

Referring to Fig. 4, if we divide the whole arc 
into a number of small arcs, then starting with 
the tension ¢ we could find the pull at B required 
to overcome the tension #, and the frictional 
resistance due to the pressure on the arc AB, 
then similarly we could find the pull at C to 
overcome the pull at B and the frictional 
resistance on the arc BC, and proceeding step 
by step we would finally arrive at the pull 7, 
sufficient to cause the whole belt to slip on the 
pulley. This problem is readily solved by the 
use of the Calculus, which we cannot introduce 
here, but by this mathematical process the 
following relation between the two tensions 
T and ¢ is established. 

Relation Between T and ¢ when Belt Slips. 
This relation is 


£ = eK 5 ET) 


where T = pull on tight or driving side of belt. 
t = pull on slack side of belt. 
e =27I8, the base of Naperian log- 
arithms. 
u = coefficient of friction between belt 
and pulley. 
0 = angle of lap in radians. 

One radian is the angle subtended by an arc 
of a circle whose length is equal to the radius 
of the circle. The radius will lie along the arc 
of a semicircle m times, therefore the angle sub- 
tended by a semicircle = m radians. Therefore 


: § 180 
m radians = 180° and I radian = pale 57°3°- 


The above relation may be expressed in the 
following forms— 


T 
Common log F = 04343 XUXO o @ 


T 
Common log F~ 0:007578 X u Xa = (3) 


where a = angle of lap in degrees = 0 X 57:3. 

This relation between T and ¢ is very impor- 
tant, and the student should make himself 
thoroughly familiar with this relation by wurk- 
ing numerous examples. 


6 radians 
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EXAMPLE. Let us take as an example u = 
0-4, and the angle of lap = 120°. What is the 
limiting relation between T and ¢ when slipping 
occurs ? 

From relation (3) we get, by substituting the 
values for u and a, 


IF 
Log = 0:007578 X 0-4 X 120. 


Now we must be careful here if we find the 
value of this product by using logarithms, since 
the answer will be a logarithm. 

Log (0:007578 X 0-4 X 120) 

= log 0:007578 + log 0-4 + 120 
= 3:8796 + T-6021 + 2-0792 
= 15609 
*. 0007578 X 0-4 X 120 = anti log 1-5609 
= 0°3639. 


ip 
Log 7e 03639. 


T 
E anti log 0:3039 = 2:312. 


(Continued on page 78) 
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MACHINE CONSTRUCTION AND DRAWING 


By G. Woop, A.M.I.Mecu.E. 


LESSON II 
FORM AND DIMENSIONS 


In the last lesson we discussed the method of 
representing the form of a machine part, and in 
drawing the three views of the part shown in 


Fic. I 


Fig. I we commenced with the side elevation. 
This choice of view, as the starting-point in a 
drawing, is not the invariable 
rule, and in the example shown 
in Fig. xr the more conveni- 
ent starting-point is the plan 
view. We may state as a general 
rule that circles or radii should 
have the preference in the order 
of setting down the lines of a 
drawing. Now it will be 
observed from the perspective 
view of the cast-iron bracket, 
shown in Fig. I, that the boss b 
will be represented in the plan 
view by a circle. We may 
commence the drawing with 


views, and between the views and borders 
is ot accurate. Making the border 


lines 20Zin. and 14$in. apart, and proceed- — 
ing to fix the position of the plan centre- 
line ab, we observe the overall vertical dimen- 


sions of both the plan and elevation to be 5 in. 


Deducting the sum of these two dimensions from — 


14} in. we have left 44in., which divided by 
three gives 1} in. as the vertical distance avail- 


able on the drawing between the views and the — 


views and border lines. 
the bottom border line we have 1} in. + žin. 


Then measuring from ~ 


= 4in. as the distance of the plan centre-line 


ab above the lower border line. 
line we pass to the question of horizontal 


Drawing this — 


disposition of the plan view and adding the © 


overall horizontal dimensions 
elevation and end elevation we arrive at the 
length 16}in., thus leaving 44 in. for total of 
space between views. Dividing this length by 
three we have a distance of 1} in. between the 
side elevation and end elevation, and between 
each of these views and their adjacent border 
lines. Measuring from the left border the 
distance to the line cd will be 14 in. + 11} in. = 
124 in. We next mark a point on the ‘line ab 
93 in. to the left of the line cd. With this point 


Gt rv we 


f d Enp ELEVATION 


ELEVATION 


this view. 

Placing of Views. Where, as 
at this stage, the drawing is 
to consist of three views, the 
approximate rule of allowing 
the same space between the 


of the side - 


salah tate ace 


as centre we describe a circle of 34 in. diameter 
‘representing the boss, and a circle of 2 in. 
‘diameter showing the hole in same. Next draw 
| the line ef parallel to cd and distant from same 
_by an amount equal to the flange thickness, 
‘tin. Now referring to Fig. I it will be seen 
| that this flange in the plan view is symmetrical 
: about the centre line ab, and it may be taken as 
ʻa rule in machine drawing that “where an 
overall dimension is given to a portion of the 
machine part (as in the case of the flange cdef), 
without referring to its position relative to 
other portions, then a line can be found about 
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drawing can be dispensed with, and from this 
stage we advise dispensing with as many of the 
connecting lines as possible. 

To produce the side elevation we utilize the 
plan view and project from same to the view 
above. First, in producing an elevation of the 
flange cdef, draw a horizontal line gh, at a 
distance of 14 in. above the line fd. Referring 
to Fig. 1 we observe the depth of the vertical 
flange to be 5 in., and proceed to draw the line 
qk, at this distance above the line gh. We can 
now proceed to project the lines g7, and Ak, from 
ef, and cd. Next continue the line gh, beyond 


Fic. 3 


which this and other portions are symmetri- 
cal.” This condition of dimensioning applies 
to the flange cdef in the above drawing, and so 
we place the points c and d at equal distances 
from ab. We now draw lines from the points 
eand f, tangential to the outer circle representing 
the boss. Finally, draw two lines parallel to and 
distant 5 in. from the centre line ab, intersecting 
the boss circle and the flange line ef. These 
two lines will represent the vertical flange and 
complete an outline of the plan view of the 
bracket. 

Projection. We have already referred in the 
previous lesson to the method of obtaining 
certain of the lines in the outline of a view by 
projecting lines from the outline of another 
view, and in suggesting the drawing of continu- 
ous lines between the views we intended a 
preliminary exercise in projection. With a 
little practice inuch of this intermediate line 
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the centre line of the boss and draw a line parallel 
to and 3 in. above same. Now project the boss 
from the plan view by drawing vertical lines 
tangential to the outer circle, thus producing the 
boss in elevation. The thickness of the bottom 
flange is seen to be $in., and the line /m can 
be drawn at this distance above and parallel to 
the line gh until it intersects the boss. Now 
the end of this line Im is given by projecting 
the point n from the plan view to the point n, 
in the elevation, the point n, being the point 
of contact of the boss circle and the lower flange 
line en. This line does not disappear abruptly 
at the point n4, but owing to the fillet between 
the boss and the horizontal flange it will end in 
a line of approximately the same radius as that 
of the fillet. To complete the outline of the side 
elevation we draw a line from 7 to 74. 
Proceeding to the end elevation we first con- 
tinue the line gh to the right, then with the 
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point %4 as centre, with compasses, describe an 
imaginary arc of radius hb, until the line gh, 
is cut, thus fixing the point p. Repeat this 
procedure, fixing the points y and £. We next 
draw vertical lines through these points pro- 
ducing the lines fg, vs, and tu. Projecting 
from the side elevation we commence with the 
outline which first interrupts the view, and since 
the viewpoint of the end elevation is from the 
left the boss is the first outline to enter the view. 
We therefore first project the top face of the boss, 
then the top face of the horizontal flange, finish- 
ing with a projection of the top face of the 
vertical flange. Next draw lines parallel to and 
distant from the centre line fg, ;°; in. and 13 in. 
We now have a sufficient number of lines to 
enable us to line in the drawing and, with the 
addition of the radii representing the fillets at 
the juncture of the various faces, we have the 
outline as shown in Fig. 3. 

It will be understood that following the pro- 
cess of lining in the drawing any lines from the 
preliminary drawing, Fig. 2, which may project 
beyond the finished outline, must be erased. 
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Neatness and Speed. To produce a neat draw- 
ing with ease and facility requires some practice, 
but this section of the art can be accelerated by 
special practice apart from the making of 
machine drawings, and the following exercise is 
one of a number advised as a means to this end. 
Fig. 4 shows a number of equidistant squares, 
commencing with a diagonal of x in. and 
increasing to a diagonal of 6in. To produce 
this figure we draw two diagonal lines ab and 
cd each at an angle of 45° to the horizontal, 
then from the point of intersection we measure 
on the line ab distances of din. to 3in. in 
increments of fin. Next drawing horizontal 
lines (with the tee square) and vertical lines 
(with the set square) from these measured 
points until they intersect the second diagonal cd. 


Finally, from these last points of intersection — 


we draw horizontal and vertical lines until each 
meet at the first diagonal line ab. The resulting 
figure will indicate the accuracy of draughtsman- 
ship employed, and to occasionally repeat the 
exercise with increasing speed will help one to the 
acquisition of a neat and quick style in drawing. 
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(Continued from page 75) 


Notice that the anti log is found twice. Study 
this example carefully and then work the follow- 
ing examples. 


; T 
Find = when u = 04, a = 180°. Ans. 3°51. u = 


Ans. 2°85. u= 0:5, a = 190.. Ans. 
Construct a graph showing the change in the 


073, a = 200. 
5:22. 


value of A for angles varying from 100 to 240°, keeping 


jt constant = o-4. 
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PATTERN-MAKING AND FOUNDRY WORK 


By J. McLacuran and C. A. OTTO 


LESSON II 
PATTERN-SHOP EQUIPMENT 


Tue pattern-makers’ work consists in supplying 
models, templets, and other guides to the 
foundry by the aid of which moulds are made 
into which the metal is cast. It is rarely that 
a moulder makes his own pattern, even for the 
simplest work. The cost of a pattern should 
depend on the number of castings that will be 
required. When one casting is wanted the 
pattern-work may be of the simplest kind, and 
it may be profitable to reduce the pattern- 
making even if the labour charges in the foundry 
are increased. 

‘The Bench. The best form of bench is that 
in which the front half of the top is made of 
t4-in. or 2-in. yellow pine, about 34 in. or 4 in. 
wide, bolted together with the annual rings 
vertical. Sometimes plane tree or sycamore of 
about r}in. thickness is used for bench tops, 
and if perfectly straight they are valuable as 
surface tables for the smaller class of work 
made on the bench. Straight-grained wood is 
necessary to prevent twisting, preferably with 
the annual rings vertical for increased wear. A 
rack should always be fitted to the back of the 
bench, or in the case of a double bench a centre 
rack should be made similar to hold edge tools. 
The most convenient form of vice is the iron 
quick-acting vice. 

Oilstones and Strops. It is impossible to 
sharpen edge tools on a gritty stone, or one that 
is not absolutely level. It is impossible to get 
satisfactory results from a faulty stone. With 
regard to the oil that is used in sharpening, any 
oil other than linseed is suitable. Linseed oil 
clogs the pores. Sperm is good; olive oil is 
also satisfactory, but ordinary sweet oil is as 
good as either. There are several kinds of 
natural and artificial stones, but to rub up a 
fine edge on carving gouges or thin chisels the 
Arkansas is unequalled. The best known of 
the artificial stones are Indian oilstones. 

Tools. A good standard rule is the pattern- 
maker’s most useful measuring tool. A con- 
traction rule is also a necessity, and it ought to 
be marked for steel, iron, and brass. 

Try-squares with blades 4 in. long to 3 ft. long 


are essential. Set-squares are also invaluable, 
and are generally made of hard wood. 

In marine pattern-shops where the work is 
usually built on level floors, spirit-levels and 
plumb-bobs are used. They are also used when 
setting work in the foundry pit. Combined 
levels and plumbs are now made, but many still 
prefer the old-fashioned form which may con- 
sist of a stick 5 or 6ft. long and about 5 in. 
mde carefully planed and with a gauged centre 
ine. 

The ordinary marking gauge is the most 
useful gauge, but a long-toothed or spider gauge 
for depth is almost a necessity, and other valu- 
able gauges are those known as panel gauges 
and circle gauges. 

Trammels, compasses, dividers, and scribers 
are used in pattern-making for setting out work, 
and inside and outside callipers for testing work. 
Double-ended callipers are convenient for test- 
ing thicknesses, but other forms of thicknessing 
callipers are equally as good. Trammels with 
adjustable points are very useful for building 
segmental work. Tools which are used for an 
infinite number of purposes are hermaphrodites, 
commonly called “ jennys,” and by some odd- 
leg callipers. 

The pattern-maker chiefly uses three planes ; 
the jack-plane is the roughing plane ; the trying- 
plane is used for finishing straight surfaces, and 
the smoothing-plane is for finishing surfaces that 
do not require to be accurately level. The 
rebating-plane, either of wood or iron, is more 
satisfactory for this purpose than the router. 
The router should only be used when, because 
of the width or depth, it is impossible to use a 
rebating-plane. A plane, capable of taking 
soles for both hollows and rounds is serviceable. 
Another form of round sole plane is the circular 
plane or “‘ sow-back,” in which the sole is made 
of a flexible strip of steel, which can be adjusted 
to almost any radius. 

The best work is done with a gouge just 
slightly quicker—of smaller radius—than the 
work being pared. Crank gouges have become 
very popular for corebox or other work where 
hand clearance is necessary, but it is not wise 
to use crank gouges for vertical paring, as one 
has not the same control of these tools when 
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used vertically. With regard to chisels, there 
should be at least half a dozen chisels in the kit 
from }in. upwards. A good selection of spoon 
and bent carving gouges is required, where work 
is fine and intricate. Hand-saws are less used 
now than formerly. The chief use of the cross- 
cut is in breaking out timber. The tenon-saw 
is one of the tools most frequently used. The 
dovetail-saw is very useful for fine work, and 
the keyhole or pad-saw is still occasionally used. 

The claw hammer is not much used by pattern- 
makers, a pin or peen hammer being the usual 
type. Other important tools are screwdrivers, 
a brace and bits, bevels, clamps, and bradawls. 
The spokeshave is not as indispensable now as 
at one time, because sand-papering machines 
are installed in most pattern-shops. 


PATTERN-MAKING MACHINES 


The lathe is, perhaps, the most essential 
machine for pattern-making. The highly-skilled 
man does not use templets on lathe work to the 
same extent as the man of lesser skill, because 
he can turn rounds and fillets very accurately 
“to the eye” without them. It is, however, 
safer, when dealing with convex and concave 
surfaces, to be guided by a templet, and especi- 
ally so if the metal is thin. Oftentimes it is 
possible, by callipering several diameters roughly 
to size, just larger than the required size, to 
economize in time, because to use a template, 
even when roughing done work, is an exceed- 
ingly slow process. 

It is a very small pattern-shop that has not 
at least one trimming machine. The trimming 
machine knives must be sharp to do good work. 
The most important use of the trimmer is when 
building segments. Some craftsmen trim all the 
edges of the segments at the machine, and after- 
wards plane them on a shooting board. If a 
trimming machine is in good condition, it makes 
a perfect finish, and it should never be necessary 
„to plane edges after being trimmed. 

The circular saw is not indispensable, yet a 
very valuable tool. In shops where there is no 
band-saw it is used for circular work, although 
it is decidedly wasteful when used for such work. 
It often takes the place of a planer for scooping 
out staves for cylinders and columns. It is not 
very often that a “ drunken ” saw is used in a 

“pattern-shop, but there are times when a num- 
ber of grooves of varying widths are required 
when a “ drunken ” saw is an advantage. A 
“ drunken ” saw is a circular saw set on a 
spindle at other than a right angle, so that 
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when it revolves it does not run in a true path, 
but wobbles sideways. The experienced man 
has no difficulty in sawing out grooves 1} in. 
wide, or 14 in. wide at one operation. 

The largest band-saws used in a pattern-shop 
rarely exceed ? in. or { in., wider saws not being 
convenient for negotiating curves. 

The double-disc sand-papering machine is 
installed in many pattern-shops, and with the 
machine are many useful attachments. This 
machine obviates the paring of external curves 
with chisels, and for internal curves rotary 
sanders are used. 

Other machines common to woodwork, such 
as planers, universal woodworkers, etc., are 
great labour-savers in pattern-shops. 


TIMBER 


Timber is the most important pattern-making 
material, and yellow pine, for all but small work 
or medium-sized work, from which it is contem- 
plated that a quantity of castings will be 


required, is almost universally used. It is a — 


mellow, comparatively straight-grained wood, 
fairly free from knots and shakes, and easily 
carved. It does not warp or absorb moisture 
to anything like the extent of the open-grained 
spruce, which should never be used for pattern- 
making. Spanish mahogany makes good small 
patterns, but it is seldom used, quite a good 
substitute being found in American baywood 
or Honduras mahogany. Teak is used in some 
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pattern-shops, and it has some outstanding 


qualities. It does not warp much, and the 
natural oil it contains assists in preventing the 
absorption of moisture; it is, therefore, not 
liable to shrink or swell, but, on the other hand, 
it is rather brittle, and edged tools require very 
frequent attention when working it. Cypress 
and red pine are used as small quantities, as 
also are sycamore, maple, plane tree, lime tree, 
and cherry. Sycamore, maple, or plane tree 
are tougher and more pliable than mahogany, 
and they are sometimes given preference for 
small or standard work on that account. Both 
lime and cherry are particularly useful when 
much carving is to be done, very fine edges 
standing considerable wear without damage. 
Though these woods are used to a limited extent, 
they invariably take more time to work than 


-baywood. Lignum vitae is not actually used 


for making patterns, but pattern-makers often 
bush stern-tubes in marine shops, for which pur- 
pose this hard timber is always used because of 
its self-lubricating properties. 
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BALL AND ROLLER BEARINGS 


By W. E. BAKER, B.ENc. 


LESSON II 


CUP AND CONE BALL 
BEARINGS 


THE principle of rolling motion as already 
described has, of course, long been known, but 
it was not applied to bearings in any great 
quantity until it was used on ordinary push- 
bicyles between 1880 and 1890. The type of 
bearing used for this work was the cup and cone 
ball bearing as illustrated in Fig. 7. For 
bicycle work this bearing was successful, and 
considerably reduced the effort required for 
propulsion. Later on, the introduction of the 
motor-car lead to the cup and cone ball bearing 
being used for heavier duties, and for these it 
was found inadequate. Asaresult, considerable 
investigation took place, and finally, the ball 
journal bearing shown in Fig. ro was evolved. 

The cup and cone ball bearing has several 
defects. 

(a) Adjacent balls are in contact and, of 
course, the contacting surfaces are running in 
opposite directions. Under heavy duties or 
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high speeds this leads to grooving of the balls. 
This defect was overcome by fitting a cage 
which floats between the balls, and prevents 
adjacent ball surfaces from coming in contact 
with one another. i 

(b) The cup and cone ball bearing was found 
to develop wear. This is contrary to the theory 
of pure rolling motion, and Fig. 8 will explain 
the action. XY represents the axis of the ball. 
The line AB joins the points of contact of the 


ball with the cone and cup respectively. It will 
be clear that AB is a diameter of the ball, as 
otherwise the ball would slip into another posi- 
tion. The line AB makes an angle less than 
go° with the axis XY. The axis LM is at right 
angles to A B, and theoretically the ball should 


\ 
REVOLVING CUP. OUTER RACE 


STATIONARY CONE. i | WER RACE 


90° 
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rotate about this axis LM, whilst also revolving 
about XY. However, we are dealing with 
practical materials, and consequently, the ball 
instead of touching the cup and cone at the 
points AB only, it touches them at small sur- 
faces of which one is represented by DE. In 
the diagram the extent of the surface has, of 
course, been exaggerated. As the surface DE 
is very small, the points D and E will be to all 
intents and purposes the same perpendicular 
distance from the axis LM. They will, how- 
ever, be at different distances from the axis XY, 
the difference amounting to EF as shown in the 
figure. The net result of this is, that if the 
point B on the ball is moving at the same speed 
as the point B on the cup, then the same condi- 
tion cannot hold for the points D and E. At 
one of these points the ball will be running faster 
than the cup, and at the other slower. The 
same conditions obtain near to the point A and, 
in consequence, a couple is set up which causes 
the ball to “spm ~ about the axis AB. This 
“spin ” gives rise to plain sliding friction be- 
tween the ball and the cup and cone which 
results in wear. It is for this reason that 
bicycle bearings of the cup and cone type are 
all made adjustable. 
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The remedy is clearly to make the distance 
EF disappear, and this is done by swinging the 
diameter AB round until the angle which it 
makes with XY becomes a right angle. This 
is shown in the right-hand diagram of Fig. 8. 
There are still the same small areas of contact 
between the ball and the races, but as they are 
very minute, and as they are parallel to the 


c d 
axis XY, all points on them are, sensibly, 
running at the same surface speeds. 

(c) Before designing the new type of bearing 
it remained to consider the radius of the track 
with which the ball should make contact. Fig. 
g will explain this point. The load bearing 
capacity of a ball not only depends on its own 
hardness and diameter, but also on the hardness 
and curvature of the surface which it touches. 

A ball in contact with another ball as shown 
at (a) will clearly carry less load than a ball in 
contact with a hemispherical hole of its own 
diameter as at (d). On the other hand, a ball 
could not run in a groove having the same curva- 
ture as itself, because there would be sliding 
friction at all points except at the bottom of the 
track. A series of experiments was made to 
determine the best radius of curvature to give 
on the one hand maximum load bearing capac- 
ity, together with minimum friction on the other 
hand. 

(d) The cup and cone ball bearing had to be 
made adjustable to take up the wear which 
developed as the result of “spin.” In the 
experiments just referred to it was shown that 
in order to distribute the load properly between 
the balls, the balls would have to be made with 
extreme accuracy, both with regard to spheric- 
ity and size, otherwise the largest ball would 
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take more than its normal share of load. Having 
made the balls accurate to zgi5> In. it is, of 
course, much better to have a non-adjustable 
type of bearing, so that no adjustment is re- 
quired after the bearing leaves the manu- 
facturer’s hands. 


BALL JOURNAL BEARINGS 


The ball journal bearing shown in Fig. 10 
was evolved to overcome the defects of the cup 
and cone ball bearing, and embodies the features 
mentioned above. In action it may be likened 
to an epicyclic gear, where the diameters of the 
balls and race track represent the pitch circle 
diameters of the gears. The motions are in 
every way similar. The functions, however, 
are different. The epicyclic gear is intended 
to transmit power without supporting load, 
whereas the ball journal bearing supports load 
without transmitting power. 

Since about 1900 these bearings have been 
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available in international standard sizes, made | 


in light, medium, and heavy series, both to inch 
and metric dimensions. 

The bearings serve either to support a revolvy- 
ing shaft in a stationary housing, or to support 
a revolving member about a stationary shaft. 
In some cases they serve to take up relative 
motion between two parts, both of which are 
revolving, but at different speeds. 


es 
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FITTING AND ERECTING 


By JosepH G. Horner, A.M.I.Mecu.E. 


LESSON II 
LINING-OFF 


Tuis is one of the tasks of the fitter, preliminary 
to tooling in machines, or at the vice. It is 
reserved mostly for the larger castings and 
forgings, and for those of moderate dimensions 
that are not tooled under the control of jigs. 
Jigs show to the greatest advantage in the 
interchangeable system, and are also employed 
for much work of a general character, provided 
the output is sufficient to recoup their cost. 
The adoption of this method lessens the quan- 
tity of lining-off done, but it leaves untouched 
the larger articles. A middle practice in very 
extensive use is that of marking off directly 
from templets, which are economical for a 
moderate product. 


Tic. 4. CASTING LAID ON EDGE, WITH CENTRES 
AND CIRCLES OF HOLES LINED OFF 


Why Necessary. Lining-off is essential be- 
cause all vital portions have to occupy exactly 
definite relations to each other. And the rela- 
tive positions of these have to be determined 
before any machining is done, because if one 
portion should be tooled at random some others 
might probably not “hold up” to correct 
dimensions. All working faces and bores are 
involved, and some thicknesses, and all have to 
be measured and marked clearly with scriber 
point, and compass, and rendered permanent 
with centre pops. Most large castings reveal 
inaccuracies in some portions consequent on 
faults in moulding, or variations in shrinkage. 
` Big and intricate forgings show wider departures 
from truth. It is often advisable therefore to 
make a preliminary examination, and to distin- 
guish between dimensions that are vital, and 
those which are of secondary importance. Some 


give and take is necessary in such cases. Gener- 
ally accommodation is made in thicknesses 
rather than in centres which are nearly always 
of first importance. 


Cardinal Dimensions. All work of this kind is 


Fic. 5. THE CASTING IN Fic. 4 PACKED UP To 
HAVE THE FACES OF THE Foor AND BossEs 
LINED OFF 


commenced with, and referred to base and centre 
lines. The base is represented by a level table, 
the marking-off table, on which the casting or 
forging is laid, either directly or on blockings or 
packings. It is of cast-iron, planed truly, and 
scored with dimension lines longitudinally and 
across, which are used for making approximate 
settings and measurements of the work. The 
edges are planed square so that settings can be 
made from them. The table is therefore a 
datum for pieces that may be laid upon it. Its 
length ranges from 6 to 30 ft., the larger sizes 


Fic. 6. CASTING LEVELLED WITH JACKS AND 
WEDGES 


being bolted in sections. It is carried on tim- 
ber or iron trestles, or on masonry pillars when 
large. 

From the face of the table two sets of lines 
can be marked, those which are horizontal, 
parallel with the face of the table, and the 
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vertical, marked with a square having one edge 
laid on the table, with the certainty that the 
two sets of lines will be at right angles in rela- 
tion to each other. By the intersections of such 
lines, centres for bores are obtained. The 
square is also used to set the face of a flange or 
a foot at right angles with the face of the table. 
It is desirable when practicable to accomplish 
all the lining out at one setting of the work on 
the table. This is not always possible, but 
the work may have to be turned at right angles 
to expose a face or faces for another set of lines. 
It may be simply partly rotated, or it may be 
up-ended, bringing 
horizontal lines 
into vertical posi- 
tions. 

Marking Lines. 
Straight lines are 
scribed with the 
point of a scriber, 
or with that of a 
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A Jack USED 
FOR PACKING, ELEVA- 
TED WITH A NUT 


surface gauge. Circles are struck with the com- 
pass. It is usual to mark two lines, one to show 
the actual tooling, the second outside it, say, 
+; in. away as a mute “ witness.” The reason 
is, that the working line may become obscured 
or obliterated with oil, or may not have been 
worked by exactly. Then the other line testifies 
to the accuracy or otherwise with which the 
tooling has been done. When holes to be bored 
have been rough cored, they are bridged with 
strips of hard wood or of metal, on which the 
lines and centres are marked. When possible, 
a bored hole should be concentric with the 
outside metal, both for good appearance, and to 
avoid unequal strains and shrinkages with 
‘changes of temperature. Though the exact 
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thicknesses of feet and flanges are usually of 
less importance, they should be maintained of 
equal, parallel thickness. 

The black surfaces of castings and forgings 
are whitened to show the lines, either with chalk 
or a solution of whiting in water. Surfaces that 
are bright are washed with a solution of sulphate 
of copper, one part of copper sulphate to four 
of water. Or they are left unprepared. 

Packings. Most articles have to be packed 
up on the table, because of the irregularity of 
their forms. A few may lie with the plane 


faces of flanges or feet directly on its surface. 


LEVELLED WITH A SWIVEL HEAD JACK 


But the plane face of a rough casting or forging 
generally requires some packing both to steady 
it and to bring the face sufficiently clear of the 
table to permit of lining round the edges. 
Sometimes a light cut is taken off a face in a 
machine to afford a steady base. The com- 
monest packings are strips of metal, or hollow 
castings planed truly, or reverse wedges that 
permit of making fine adjustments. Thin 
wedges of wood or metal are used. Others are 
small screw jacks of simple forms. One is a 
screw, adjustable vertically in a boss that forms 
the base. The head may swivel to remain 
stationary during the turning of the screw. 
In a simpler form, a set screw is turned in a 
deep nut. Sometimes a screw is clamped 
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after setting to prevent risk of its becoming 
shifted. 

Surface Gauges. When adjustments are being 
made of pieces of awkward shapes, there is 
generally either a horizontal or a vertical posi- 
tion or datum primarily settled, or both. The 
turned-down end of the surface gauge determines 
the first or sometimes the spirit level in large 
castings, the square, the second. The gauge 
is slid along the face 
of the table, and the 
point being brought 
into contact with the 
horizontal face, upper 
or lower, of a foot, 
flange, or web indi- 
cates whether it is 
parallel with the table 
or not. As the scriber 
has a large range of 
vertical movement on 
its stem, and pivots, 
the range of its ver- 
tical adjustments is 
extensive. Another 


Fig. 5. The boss faces are packed up to bring 
them clear of the table. The parallelism of the 
foot with the table is measured either directly 
with a rule A, stood on end, or with a straight- 
edge B laid across the face’and tested from the 
table with internal calipers. 

When a casting is laid on edge, as in Fig. 4, 
with bosses as in Fig. 5 on one side, these may be 
supported on solid packings, or small jacks can 
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advantage which it 
has is apparent when 
horizontal lines and 
lines parallel have to be marked on surfaces 
that do not lie in the same vertical plane. 
The arm of the surface gauge will deal with 
these. In such cases it is often necessary to 
adjust the scriber point from a vertical refer- 
ence block on which the horizontal heights are 
marked. From these, the scriber point is set 
to be transferred to the non-plane faces of the 
work. 

Examples. The following drawings illus- 
trate the preceding statements of principles and 
their applications. Fig. 4 shows the foot of the 
casting in Fig. 5 set on its edge to have the 
centres of the holes marked for boring. These 
are bridged with strips. The casting stands 
directly on the table. A horizontal centre line 
is marked with the surface gauge, and two ver- 
tical lines with a square. The lines for the foot 
and the boss faces are marked in the setting, 
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WITH A SURFACE GAUGE 


be used (Fig. 6). The edge of the foot is sup- 
ported on packings and wedges. A useful form 
of jack is shown in Fig. 7, which has a nut to 
raise and lower the screw by instead of turning 
the head. Another is seen in Fig. 8, with a 
swivel head to accommodate itself to a bevelled 
surface. Here a square is being used to set the 
foot by. The centre line æ of the boss is 
scribed and centre-popped. The foot is set 
horizontally by its inner face b, as that for the 
vertical flange is approximated to its face c; 
d indicates a packing alternative to the jack. 
Fig. 9 shows how a foot is set horizontally with 
the turned-down point of a surface gauge. It 
is packed up to bring the boss clear of the table, 
and adjusted with thin wedges. The line for 
planing is scribed, and the horizontal and 
vertical lines, the intersections of which give the 
centre of the bore. 
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GEARING 


By Henry E. MERRITT, M.Sc. (Enc.) 


LESSON II 
SPUR GEARING 


ELEMENTS OF A GEAR TOOTH 


Pitch and Its Measurement. It was explained 
in the first lesson that the teeth are spaced with 
reference to the imaginary pitch circles which 
roll on each other without slip. The distance 
apart of the centre lines of adjacent teeth, 
measured round the pitch circle, is termed the 
“circular pitch,” and it follows from the fact 
that only a whole number of teeth can be used 
that the circumference of the pitch circle must 
be an exact multiple of the circular pitch. That 
is to say, 
Pitch circumference = Circular pitch x 
number of teeth. 
or 
m X pitch diameter 
number of teeth 
Owing to the fact that the calculation ot the 
pitch diameter for a given circular pitch involves 


Circular pitch = 


mos AS/ Deltendum 
Te SN AN Clearance 


S Addendum 
A Addendum 
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the value of m (= 3°14159), it is inconvenient in 
use and “ diametral” pitch was introduced. 
The diametral pitch is calculated from 


number of teeth 
pitch diameter 


and is in most cases a whole number. Thus, a 
gear of 20 teeth having a pitch diameter of 


Diametral pitch = 


4in. will have a diametral pitch of a = 5 


third measure of the pitch is the ‘“ module,” 
used chiefly in continental practice ; this is the 
reciprocal of the diametral pitch, i.e. 


pitch diameter 


ae number of teeth 
and pitch diameter = number of teeth x 
module. 
The module is easy to understand and is very 


£10) pee eS 
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Fic. 12. ILLUSTRATING ESSENTIAL CONDITIONS 
oF TOOTH CONTACT 


much more convenient to use than either dia- 
metral or circular pitch, and it is to be regretted 
that it was not originally adopted in place of 
diametral pitch. 

Addendum and Dedendum. In designing 
gears it is usual (though not absolutely essential) 
to dispose the teeth on each gear partly above 
and partly below the pitch circle. The height 
of the tooth above the pitch circle is termed the 
“ addendum,” and the depth of the tooth space 
below the pitch circle the ‘‘ dedendum.” These 
dimensions are shown in Fig. 11, and from this 
illustration it will be apparent that the deden- 
dum must exceed the addendum by an amount 
termed the “ clearance.” The circle containing 
the tips of the teeth is the “ addendum circle,” 
and that containing the roots of the teeth is the 
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“dedendum circle” or “root circle.” The 
“circular thickness ” is the thickness of the 
tooth measured round the pitch circle, and is 


[nvolute 


Base circle 


Fic. 13. FORMATION oF INVOLUTE TO A CIRCLE 


equal to one-half the circular pitch minus an 
allowance for backlash. The latter is the work- 
ing clearance between the driving faces of the 
teeth, and is provided in order to allow for 
inaccuracies in tooth form and mounting, and 
to permit the presence of lubricant. 


Fic. 14. PATH OF Contact oF INVOLUTE GEARS 


Gear Ratio. In considering a pair of gears of 
unequal diameter (when referring to “ diameter ” 
the pitch diameter is understood) it is usual to 
term the larger the “ wheel,” and the smaller 


, 


the “pinion.” The “ gear ratio ” is the ratio 
of the angular speeds of the pinion and wheel ; 
for example, if the pinion runs at 1,000 r.p.m. 
and the wheel at 150r.p.m. the gear ratio is 
1,000 = 150 = 6371. 

Relation Between Gear Ratio and Numbers of 
Teeth. Since the same number of teeth in both 
wheel and pinion pass the pitch point in a given 
time, the wheel, having more teeth, will make 
fewer revolutions than the pinion. The speeds 


On 


Seer circle 


Base circle 


Fic. 15. INVoLUTE PINION AND RACK 


of the wheel and pinion are thus inversely pro- 
portional to their respective numbers of teeth, 
iG 

speed of pinion teeth in wheel 
speed of wheel ~ teeth in pinion 
The ratio of 63:1 already cited could thus be 
obtained from gears having 15 and r00 teeth 
respectively. 


Gear ratio = 


THE TOOTH PROFILE 


Although the gear ratio is fixed by the num- 
bers of teeth in the wheel and pinion, it is 
essential that the active tooth profiles should be 
such that the same angular velocity ratio is 
obtained at every instant. Any deviation from 
uniform velocity transmission causes a series of 
impacts between the teeth of gears and leads to 
noisy operation (often a very serious fault), 
loss of power, and heavy stresses with consequent 
risk of tooth breakage. 

Fundamental Condition. Fig. 12 shows a pair 
of tooth profiles making contact at the point c, 
O and Q being the respective centres of the 
gears and P the pitch point. At the point c, 
the tooth profiles have a “common normal,” 
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i.e. a line which is perpendicular to both pro- 
files, and the essential condition to be complied 
with is that this common normal cP must pass 
through the pitch point. 

Conjugate Tooth Profiles. A pair of tooth 
profiles are said to be “ conjugate ” when this 
condition is satisfied at every instant. Within 
certain limits (which need not here be discussed) 
almost any curve can be used for the tooth 
profile of one of a pair of gears, but there will 
only be one profile conjugate to any such curve 
under given circumstances. Practical con- 
siderations, however, demand in most cases a 
series of profiles, which together form an “ inter- 
changeable system,” i.e. one in which any gear 
will mesh with any other of the same pitch, and 
it is also necessary that these tooth curves 
should be capable of being produced in a simple 
and accurate manner. Whilst, therefore, many 
curves can and have been used in the past, 
most gears at the present day are made accord- 
ing to the “ involute ” system. 

The Involute. In Fig. 13 is shown a circle 
representing a cylinder round which a thin 
inextensible cord is wrapped. If the end of the 
cord is unwound, the cord meanwhile being kept 
taut, it traces out a curve termed the “ invo- 
lute ” to the circle. This circle is termed the 
“ base circle ” of the involute, and the curve is 
particularly well adapted for use as the profile 
of a gear tooth. 

Pressure Angle and Path of Contact of Involute 
Gears. If two gears, each provided with teeth 
the profiles of which are. involutes to a circle, 
are meshed together as shown in Fig. 14, the 
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common normal to the teeth at any point at 
which contact occurs is tangent to each of the 
base circles. This contact always occurs along 
a straight line JPI, termed the “path of 
contact.” The path of contact passes through 
the pitch point and is inclined at an angle y, 
termed the “ pressure angle,’ to the tangent 
SPT to the pitch circles. The path of contact 
cannot extend beyond the points J, and Io, 
where it is a tangent to the respective base 
circles. 

Approach and Recess. Usually, however, the 
path of contact falls short of the points J, and 
I, since obviously the path of contact is 


- bounded by the addendum circles of the gears 


at the points a and b. If the gear A drives 
gear B in the direction shown in Fig. 14, contact 
commences at the point a and the point of con- 
tact advances towards P. This period is known 
as ‘‘approach,” and the portion of the tooth 
profile of A below the pitch circle (the “ flank ”) 
engages with the portion of the profiles of B 
above the pitch circle (the face) ; after reaching 
P the point of contact moves over Pb, and this 
period is known as “ recess.” 

The Involute Rack. Involute gears of the 
same pitch, pressure angle, and tooth propor- 
tions are interchangeable, and the valuable 
property of the involute gear is that the rack 
member of an involute system of gears has a 
working profile formed of straight lines inclined 
at the pressure angle, as illustrated in Fig. 15. 
This property is of the greatest value and forms 
the basis of most of the methods employed in 
the manufacture of involute gears. 


— 
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PUMPS: CONSTRUCTION AND MAINTENANCE 


By Owen A. Price, M.I.Mecu.E. 


LESSON II 
WORK DONE BY A PUMP 


In order more clearly to appreciate the reasons 
for the practical forms adopted in the con- 
structional details of pumps it is necessary first 
to consider the resistance which a pump must 
overcome in order to maintain a column of 
water in motion, and then to study the manner 
in which work is done in the pump to overcome 
this resistance. 

Head. In raising a weight W lb. (say, of 
water) to a height h ft., energy is imparted 
to it, and in the elevated ‘position it possesses 
W x hft.-lb. of potential energy. In hydrau- 
lics we simply say that the water possesses 
h ft. head. The term head represents an energy 
unit, expressing the energy possessed by each Ib. 
of water, or the energy which would be com- 
municated by gravity during the descent of 
each Ib. of water through the vertical distance 
h. In the above example the head happens to 
be static, or potential head. Other forms, how- 
ever, are recognized, and in connection with 
pumping work we shall distinguish three 
varieties, as follows— 

I. ‘Potential Head,” which may be “ pressure 
head,” as in an hydraulic pressure system, or 
“elevation head,” representing the vertical 
distance between suction water level and 
delivery water level in an ordinary water lifting 
scheme. 

2. “ Velocity Head ” (dynamic head or kinetic 
head), which, in moving water, is the kinetic 
energy expressed as an equivalent static water 
column. 

The kinetic energy of Wlb. (of water) 


: Wv? 
travelling at v ft. per sec. = 5 ft.-lb., hence 


the energy per lb. of water = zgb., which is 


equal to the velocity head, or is the equivalent 

water column. For example, if we imagine a 

small tube (called a Pitôt tube) placed in a 

stream (Fig. 7(a)) the water will rise in this tube 

until it comes to rest at a certain height. We 

know that the potential energy at the top of the 
7—(5462) 


tube is then equal to the kinetic energy at the 
bottom, that is 


Wo2? 
Wh = 2g 
ae 
hence, the head 4 = 2g as before. 


We could have obtained this result from the 
familiar dynamic formulae of falling bodies, 
h being the height which a body would reach if 
projected vertically upwards with an initial 
velocity v. 

Fig. 7(b) is inserted to show the modification 
necessary to the Pitôt tube when measuring the 
velocity head in a pipe flowing under pressure. 
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3. “ Friction Head,” “ shock head,” or “ lost 
head,” which is the energy, expressed as an 
equivalent water column, necessary to overcome 
resistances to movement of the water. Such 
head, or head loss is an invariable accompani- 
ment of movement and is a simple function of 
the velocity energy. Therefore, for practical 
purposes, any head loss L may be expressed by 


y? 

DEK T 

where K is a coefficient and v is the velocity of - 
the water at the point considered. 

Head losses occur when sudden changes are 
made in the cross-sectional area of a water 
passage, or when water flows through a pump 
valve, or an accessory, such as a reflux valve, 
or is forced to flow round a pipe bend, or through 
a long pipe, and in many other ways. 

Pipe Friction. Probably the most important 
head loss in pumping work is that due to the 
friction loss in pipes. In practice, it is usual to 
turn for data on this subject to published tables 
or charts of pipe friction. However, a good 
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approximate formula, suitable for present pur- 
poses, and consistent with the above treatment 
of friction head is that commonly known as 
D’Arcy’s formula, in which the head loss 


[ Ee eg oy 
b= [* (x4 oa) a) 
where K is a coefficient varying with the condi- 


tion of the pipe walls, and is about -005 for new 
cast-iron pipes and -or for old incrusted pipes. 
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=the pipe diameter in feet, Z = the length 
of the pipe in feet, and v = the mean velocity 
in feet per second. The formula has been 
deliberately written in the above form to empha- 
size that pipe friction is a function of the velocity 
energy of the water, and that the portion of the 
formula enclosed within the square brackets is 
a coefficient, varying in value with the length 
and diameter of the pipe and with the condition 
of the interior wall. ; 

Total Head. From the above discussion it is 
apparent that though head can always be 
reduced to an equivalent water column it is an 
energy or work unit, akin to ft.-/b., and is not 
simply a linear term synonymous with height. 
Head units, therefore, may be used for the 
measurement of shock energy, discharge energy, 


etc., as well- as for the total resistance against 
a pump, and may be employed in calculations 
of work done and horse-power. 

The otal head or virtual head at any point 
in a fluid is the total capacity for work, or the 
total energy (potential and kinetic) per lb. of 
fluid, at that point. Also, the gross total head 
or manometric head against a pump is the sum of 
the potential head, and the kinetic head and all 
head losses resulting from the flow of water. 

A simple pumping scheme is shown in Fig. 8, 
in which imaginary water columns have been 
drawn to illustrate the summing up of the total 
resistance overcome by a pump when working. 
The diagram is self-explanatory, and the velocity 
heads and friction heads are calculated in the 
manner indicated above. The centre line of the 
pump forms a convenient dividing line ; below 
this line is the suction side of the pump, above is 
the delivery side. 

A vacuum gauge connected to the suction 
branch of a pump will register the total suction 
head, or the sum of the three components, A, 
B, and C on Fig. 8. 

A pressure gauge connected to the delivery 
branch of a pump will register the sum of the 
two components D and £, and it is usual to 
calculate and add the component F. A pressure ~ 
gauge connected to a delivery air vessel should 
register the sum of all three components, D, Be 
and F, but on account of the elasticity of the 
air and inertia fluctuations, it is practically 
impossible to get steady readings. 

It should be observed that on account of the 
presence of pump valves and the alternating 
motion of a reciprocating pump, the velocity 
energy which is generated by the pump in the 
suction pipes is destroyed at the reversal of the 
stroke, and has to be regenerated by the pump 
in the delivery pipes. Thus the velocity energy 
has to be created twice over. 

Work Diagram. The work done in the cylin- 
der of a reciprocating pump may be considered 
by building up a theoretical work diagram 
(Fig. 9); the area of which, to an appropriate 
scale, represents the product—vesistance X dis- 
tance moved. The components of the vertical 
ordinate are lettered to correspond with the ~ 
imaginary water columns of Fig. 8, and the total 
ordinate is therefore the total resistance or gross 
total head, external to the pump, and against 
which the pump must operate. “The atmo- 
spheric line on Fig. 9 corresponds with the 
horizontal centre line of pump on Fig. 8. 

A single-acting pump will perform the work 
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represented by the area below the atmospheric 
line during its suction stroke, and the work 
above the atmospheric line during its delivery 
stroke. 

A double-acting pump does the work repre- 
sented by the whole diagram during each stroke, 
the delivery work being done by one side of the 
piston, and the suction work by the other side 
alternately. 

The total work done by the piston is actually 
greater than that shown on the diagram, because 
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the internal losses in the pump passages, suction 
and delivery valves must also be overcome by the 
piston. The work done by the piston rod is 
still further increased due to the mechanical 
friction of the piston and stuffing box. 

Pump Indicator Diagram. Actual work dia- 
grams are taken of the conditions in the working 
barrel of a reciprocating pump by an indicator 
(identical with a steam-engine indicator) con- 
nected with the pump cylinder, the drum being 
driven, as usual, by a string attached to the 
pump piston rod. Fig. ro shows the diagram 
Which would be drawn by an indicator on a 
arge pump operating at a slow speed, under 
onditions identical with Fig. 9. The suction 
troke commences at O where the wavy line 
ndicates the inertia forces, due to setting the 
suction column in motion and opening the 


oT 


suction valves. Suction is in progress from O 
to P, where the piston reverses and opposes the 
full delivery head. The inertia effect of open- 
ing the delivery valves and setting the delivery 
column in motion is shown by the oscillations 
at R. From R to S, work is done against the 
full delivery head. 

Departures from this normal indicator dia- 
gram point to defects, and the indicating of a 
pump is frequently the means to remedying 
faults in the working. 


Delivery Stroke 


LenctH Or STROKE 
Or.Votume DISPLACED 


w 
x 
> 
D 
v 
wW 
[4 
a 
> 
ng 
m 
2 
3 
m 
a 


AtmoseHeric Line 


Suetion! 


et 
Suction Stroke 


FIG. 10. PUMP INDICATOR DIAGRAM 


Pump Horse-power. An indicator diagram 
may be used, in identically the same way as a 
steam-engine diagram, for obtaining the pump 
horse-power. This method, however, is not 
usual, as more accurate means, such as pressure 
and vacuum gauges, are available for obtaining 
the total head against the pump. The water 
horse-power of a pump, frequently termed the 
pump horse-power, is given by the relation 


G.P.M. x 10 x gross total head in feet 
33,000 


WEED = 


where G.P.M. = imperial gallons per minute, 
and 10 = the weight in lb. of I gal. of water. 
The indicated horse-power is, of course, 


Wikies 


LEUR = efficiency of the pump 
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MACHINE TOOLS 


By Josepu G. Horner, A.M.I.Mecu.E. 


LESSON II 


MACHINE SHOP 
ARRANGEMENTS 


The Old and the Later Ideals. Firms have 
been and are still too often hampered by the 
dead hand of old surroundings, which prevent 
the laying out of the machine 
tools that are most desirable. 
Nearly all the old shops were 
constructed in densely popu- 
lated districts among tene- 
ment houses occupied by the 
hands. Consequently, as busi- 
ness grew, the shops were ex- 
tended over irregular outlines 
in plan, or skywards, often 
by the conversion of old 
houses, and this favoured the 
growth of the storied shops, 
which are not now built, ex- 
cept for very light manufac- 
tures. They did not permit 
of making the best arrange- 
ments, since there was little 
choice in the disposition of 
machines; they were ill- 
lighted and badly ventilated. 
Consequently, many firms 
have thrown off this handicap by migrating into 
the country and erecting new shops with 
ample areas for future extensions, frequently, 
too, carrying out altruistic schemes by building 
model cottages for their workpeople. Nearly 
invariably the new buildings are of the ground 
floor design strictly, with bays of uniform 
cross-sections and in parallel, not separated 
with walls, but with columns only on which the 
roof principals, and the gantries for overhead 
travelling cranes are supported. Each bay 
covers a separate department, but the inter- 
communication is open, and supervision is un- 
obstructed. One of the advantages of this 
design is that longitudinal extensions of the 
parallel shops can be readily made if required in 
the future. 

The Dispositions of Machine Tools. It is an 
axiom that the transport of materials and of 
work in hand shall be progressive, that is, 


Fic. I. 


t eer es af L w = = 
A View IN ONE OF THE MACHINE SHOPS OF MARSHALL, 
Sons & Co., LTD., GAINSBOROUGH 


nothing shall be carried back, but the machines 
shall be so disposed that the sequence of toolings 
shall correspond with a similar sequence of 
machines. The ideal cannot always be attained, 


but it becomes of less importance as systems of 
transport are improved. 
This, however, is only one aspect of a wider 


subject, that of the segregation of similar 
machines with their operations. In this, the 
new shops contrast strongly with the older ones, 
in which additional machines had to be dumped 
down wherever vacant areas were available. 
The practice now with increasing speciality is 
to group all lathes of any one class together, all ! 
planers, all shapers, all drills, gear cutters, — 
grinders, automatics, each group in its own 
area, with subdivisions that are controlled by 
dimensions and capacities, lighter or heavier. 
This does not imply that{they are located in 
different buildings, since it is better that they — 
should be under one roof, but only in defined 
localized areas. This arrangement is favour- 
able to the most economical production and 
handling of the manufacture. It favours the 
most suitable driving, whether from shafting or 
motors, it is better for the supervision of fore- 
men, for the local storage of tools, of stock and 
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finished articles. The products, if small, are 
loaded into boxes or on to transfer trucks 
directly, and ran away to the departments 
where they are required, or to the general stores. 
If heavy, they are taken charge of by overhead 
travelling cranes. 

The disposition of the big machines, those 
with general functions, differs from that which is 
suitable for the smaller specialized tools. For 


the first it may be desirable to have regard to 
the sequence of operations on massive pieces, as 
turning, drilling, boring, planing, milling, for 
the less such work is moved and turned about 


Sons & Co., LTD., GAINSBOROUGH 


the better. But when work is specialized, heavy 
machines of a class are grouped similarly to those 
of a light character. 

Floor Spaces. The areas around machines 
must be ample. Crowding is fatal to efficiency, 
and also to safety, especially in those machines 
with moving tables. The movements of the 
attendants should not be hampered. The maxi- 
mum dimensions of articles likely to be put on 
the tables of planers, drilling, and slotting 
machines must be allowed for, and also the fact 
that they may often have to be temporarily 
deposited on the floor alongside. In no case 
should they be allowed to encroach on a clear 
gangway left down the centre of the shop. 

Provisions for Driving. The method of 
driving adopted affects the dispositions of the 
machines. The long line shafts of the older 
shops from which machines or their counter- 
shafts are belted are seen less often now. A 


Fic. 2. A VIEW IN THE HEAVY MACHINE SHOP oF MARSHALL, 
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general objection is, that machines must be so 
disposed as to be belted in parallel, that one 
line of shafting serves the length of a shop, and 
that in the majority of cases the mounting of an 
intermediate countershaft is necessary for the 
speed regulation of each tool. Now, with the 
increasing employment of electricity, many of 
the larger machines are driven with individual 
motors, which permits of their disposition in 
directions -that are most suitable for handling 
the work, unhampered with belting from a line 
of shafting. The smaller machines are prefer- 
ably driven in groups each from a short length 
of shaft, with belts, clutch- 
connected to a main shaft, 
or motor-driven. An addi- 
tional advantage is, that no 
great length of shaft need 
be running idly, if a group 
of machines happens to be 
thrown out of action in con- 
sequence of a breakdown, 
or of temporary shortage of 
work. 

Shop Interiors. Fig. I 
shows a bay in the machine 
shops of Marshall, Sons & 
Co., Ltd., of Gainsborough. 
In this and other bays, the 
machines are grouped accor- 
ding to their types, planing 
machines in the foreground 
on the right, boring machines 
on the left, then milling ma- 
chines, slotters, drills, lathes, 
all in their sections. In another bay, Fig. 2, 
where large castings are handled, all the machines 
required for these are grouped—side planers, ver- 
tical mills, key-seaters, etc. These are disposed 
around pits laid out for dealing with fly-wheels 
up to 25 ft. in diameter, and weighing 30 tons. 
Several of these are seen in Fig. 2, one standing 
in a pit. The half wheels are planed on a side 
planer adjacent, and being bolted together are 
turned in a vertical mill seen at the left. The 
large castings are sent direct to the erecting 
shops, the smaller into stores. 

There are four machine shops similar to the 
two illustrated engaged in the manufacture of 
portable engines, stationary engines, road rollers 
and traction engines. Each bay is 350 ft. long 
by 45 ft. wide, and is served with overhead 
travelling cranes. A trolly track runs down the 
centre. The line shafting, 2rft. from the 

(Continued on page 95) 
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WORKS ORGANIZATION AND MANAGEMENT 


By E. W. Workman, B.Sc., A.M.I.E.E., ETC. 


LESSON II 
SCIENTIFIC MANAGEMENT 


Definition. Scientific management is one of the 
names given to certain principles and methods 
of management which have been developed in 
America since about 1905, mainly in connection 
with engineering work. The theory underlying 
scientific management is briefly that there is a 
best way of doing every act that has to be per- 
formed in a workshop, and that it is the duty 
of the management to discover that best way 
and to make such arrangements as will ensure 
that it is always carried out. 

Early Experiments. One of the first observa- 
tions leading to the later development of the 
science was made by Dr. F. W. Taylor in the 
Bethlehem Steel Works. The problem studied 
was that of lifting a bar of pig-iron, carrying it 
a certain distance and then dropping it in a 
truck. It was found that if a suitable man 
was chosen who performed the correct move- 
ments and took the proper periods of rest, he 
could load, without fatigue, 47 tons of pig-iron 
per day., This was in very marked contrast 
with the usual average load of only 12} tons per 
man per day. 

Investigations in Tool Work. One of the 
largest single pieces of investigation carried out 
by Dr. Taylor was concerned with establishing 
the laws governing the rate of removal of metal 
by cutting tools in a machine. One result of 
this 26-year experiment was the discovery of 
modifications in the composition of tool steel 
from which the modern high-speed steel was 
developed. Dr. Taylor found that the maxi- 
mum speed of working could only be obtained 
by the correct combination of twelve variable 
factors which could each influence the possible 
speed of working. Also, to enable maximum 
cutting speeds to be obtained, a set of standard 
cutting tools was established for the commonest 
machine operations. These standard tools were 
specified as to contour of cutting edge, all angles 
of cutting edge, size of shank, and hardening 
treatment, etc. 

Production and Payment. Side by side with 
the above investigations on tool problems, much 


thought was given to the problem of how to 
obtain from the workman a higher level of 
effort than was obtained under the old methods 
of management. In 1895, Dr. Taylor published 
his Differential Piece Rate, which is the basis on 
which all the many systems of payment by 


result are founded. This system introduced two | 


very new and revolutionary ideas. 

Differential Piece-work. The first new idea 
was the careful specification in great detail of 
the work to be done, with standard times 
allowed for each element of the work as against 


the overall time hitherto specified. The second — 


innovation was the offering of an increased rate 
of wages to the worker for increases in his 
efficiency. This was achieved by fixing two 
alternative piece rates, the lower to apply if the 
work was done at less than the standard speed 
and the higher if it were done at the standard 
speed or faster. The necessity of fixing correct 
standard times led to the development of the 
large and separate subject of “ time and motion 
study.” 


Complication of Management. It is obvious 


that all these different features, such as standard- — 


ization of tools and methods, detailed specifica- 
tion of the work, time and motion study, 
regulation of payment, and many other new 
activities, all demand a considerably higher 
level of management ability. This added com- 
plication of management has been responsible 
for the growth of the many “‘ specialist ” depart- 
ments which are a feature of the modern highly- 
organized works, and some of which are described 
in the following lessons. 

A Complete System. From the foregoing it 
will be seen that the distinctive features of a 
works where scientific management is in com- 
plete operation would be as follows—though a 
partial system could be, and very often is, 
adopted. All machines doing similar work 
would be standardized, and standardization 
would also be applied to all factory equipment, 
tools, and appliances, materials used, methods 
of routine, quality of work, etc. The mainten- 
ance of these standards usually requires the 
services of several specialist departments for 
inspection of quality, upkeep of machinery, 
education of workmen, etc. Time studies are 
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made of the details of all jobs. Motion study 
will be adopted, i.e. the analysis of the actual 
motions used in performing the different opera- 
tions. From these observations, motions or 
parts of motions which are useless are elimin- 
ated, and the new method taught to the worker. 
The results of the time and motion study are put 
in written instructions to the worker in full 
detail, giving not only a full description of the 
work to be done, but also of the exact methods 
of doing it, the tools to be used, the “ setting ” 
of the machine, and the standard time for each 
detail of machine or handling time. Extra pay- 
ment will be made if certain efficiency is 
achieved as described above. Departments 
will be specialized and this may even be extended 
to having functional foremen. A planning 
department will be an important feature, and 
will be responsible for laying down the order of 
preference for all work, the sequence of opera- 
tions or moves through which each job has to 
pass, the arranging beforehand that all material, 


tools, appliances, etc., will be ready when 
required, and for the issue of all instructions. 

Objections to Scientific Management. The 
employers’ main objection to the system is 
usually that of expense. That this objection 
is not sound is shown by the fact that the intro- 
duction of the system enables the product to be 
cheapened. The employees’ objections are dim- 
inishing with the changing outlook of the sub- 
ject which is now concentrating more on the 
side of studying the machines, tools, handling 
devices, labour-saving equipment, and other 
inanimate objects, rather than paying so much 
attention to the speeding-up and regulating of 
the motions of the workers. One objection 
often raised is that the system destroys initia- 
tive in the workman, but this is doubtful as a 
matter of fact, and it is more likely that the 
real objection is that the average human being 
hates change and prefers doing things by his 
own methods, however inefficient those methods 
may be. 
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ground, is driven with motors on platforms, 
12 ft. from the ground. Each motor drives a 
length of about 50 ft. of shafting, to favour 
group driving. The largest machines have 
individual motor drives, as well as some that 


are awkwardly placed for belt connections. 
The countershafts are arranged on light gir- 
ders, 12 ft. from the ground. One ridge of 
the roof is glazed continuously, giving ample 
light. 
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LESSON II 
GENERAL PRINCIPLES 


A VERY common form of milling fixture is shown 
in Fig. 5. This is for milling the mating faces 
of a bearing. The illustration is self-explana- 
tory : the component is machined on its seating 
face A before it comes to this fixture, and the 
two bolt holes B,B are drilled. Advantage is 
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taken of this fact to locate it. The step into 
which the top half of the bearing fits is milled 
in the same setting, thus machining three faces 
at once. Milling fixtures of this type are made 
of cast iron, an unnecessarily large amount of 
metal, from the load aspect, being used to absorb 
the vibrations incidental with milling cutters. 
The surface of the fixture resting on the milling 
machine table has two projections which fit into 
the tee slots in the latter. These projections 
are termed “ tenons,” and serve to locate the 
fixture at right angles to the machine spindle. 


Turning Fixtures. Following our design of 
giving the student simple examples of the various 
types of fixtures, we shall now direct our atten- 
tion to Turning Fixtures. The simplest form 
of fixture for the centre lathe is the four-jaw 


aws 
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independent chuck. Irregular shaped castings, 
forgings, etc., can be secured in the chuck in 
the correct position for whatever operations are 
to be performed upon them. A component can 
be removed by slackening off one jaw only, thus 
leaving three jaws in the right position for 
receiving another component and locating it 


Fic. 7 


correctly for machining. The illustrations, 
Figs. 6 and 7, show some components which are 
machined in this manner. Certain chucks have 
a self-centring and independent means of 
moving the jaws, thus increasing their scope. 


a 
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A simple face-plate fixture is shown in Fig. 8. 
This is used for holding the bearing for the 
boring operations. The bolts passing through the 
bearing serve the dual function of locating and 
clamping the latter. 


The angle plate A is 


centred on the face-plate by the spigot B, which 
engages in the annular recess in the face-plate. 
A counterweight W is bolted to the latter to 
balance the rotating mass of the fixture ; unless 
this is done, the centrifugal effect of the fixture 
would impose an undue load on the headstock 
bearings. Another simple form of fixture is 
shown in Fig. 9. This type is used for turning 


the spigots on the trunnion bearing shown. 


The component has been bored and faced at 
both ends, while held in a three-jaw chuck. The 
fixture consists essentially of an angle plate 
supporting a vertical pin, on which the com- 
ponent is a sliding fit. The groove B cut in the 
angle plate locates the component by means of 
one of the spigots while the other is being 
turned. When this has been done the clamp nut 
H is removed and the component lifted and 
turned 180°, this bringing the finished spigot 
into line with the bush M, which is now pushed 
over the latter, thereby locating the bearing 
for the next operation. This fixture is located 
on the face-plate, and also balanced in the same 
manner as the previous example. 

Automatics. It is not our intention to enter 
into a detailed description and analysis of auto- 
matic turning machines, but it will assist the 
student if we roughly classify the various types 
of machines in general use. By automatics we 
mean those machines which only require to be 
set up by the operator, after which they will 
continue to produce. components without any 


further attention from him, other than his 
supplying fresh stock—generally round or poly- 
angular section in lengths of from to to 20 ft. 
These types of automatics are divided into 
five classes, viz., auto-turning machine, auto- 
screw machine (cut threads and turn), single- 
spindle, four-spindle and six-spindle. 

The next type in importance is the machine 
which performs all turning operations without 
any demand upon the operator, except that of 
feeding the said tools to predetermined stops or 
checks. These machines are called capstan or 
turret lathes. They derive their names from 
the manner in which the various cutting tools, 
etc., are housed. Another form of semi- 
automatic for chuck work is one in which the 
component is placed in the chuck or turning 
fixture by the operator; the machine then 
performs all the desired operations on the 
component automatically and stops: the opera- 
tor then reloading. This type of machine is 
very popular for hot steel and brass stampings, 
forgings, bar work, etc. 

Planing, Shaping, 


and Slotting. These 


machine tools are, for reasons which will be 
explained later, not very suitable for large 
production work, except in some classes of 
heavy engineering, in which case large produc- 
tion, in the majority of cases, does not obtain. 


Fixture clamping * 
Bolt holes 
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However, they are essentially machines which 
the tool designer should study carefully, as in 
the machining of some components, a single- 
point cutting tool is the only satisfactory method 
of production. This applies specially to the 
manufacture of machine tools and large prime 
movers. 

Grinding. Because it is the only known 
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method at present, grinding is resorted to in the 
finishing to size of components that have been 
hardened, or machining those made of material 
too hard to cut with high-speed steel. Due to 
the fact that very small quantities of material 
can be removed at a time, grinding is also used 


Vee block 


Grinding wheel 


FIG. 10 


for all operations where fine surface finish is 
desired, while dimensions are kept within very 
small limits. There are three distinct types of 
grinding machines—cylindrical, surface, and 
cylinder. The first-named machine will pro- 
duce, within the limits of its capacity, articles 
which are round in section and parallel or 
tapered, also flanges can be ground and facing 
performed. There are numerous types on the 
market, most of which are similar in principle 
of operation and construction. One example of 
this class must be distinguished. This is known 
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as the Centreless Grinder, and its essential 
difference lies in the manner in which the work 
is supported. In ordinary cylindrical grinders, 
the work is held in the chuck or suitable fixture, 
or between centres, as in a lathe. In the new 
type of grinder, however, no centres are used, am 
The work, which must be round in section and : 
parallel, is supported against the grinding wheel 
by two or more vee blocks against which the 
work rotates by reason of its contact with the | 
grinding wheel. The diagrammatic view in | 
Fig. ro is self-explanatory. This type of% 
machine is extensively used on such parts, as 
gudgeon pins, link pins, bushes, etc. Hopper 
feed is generally used for supplying the work to 
this machine. ; 
Surface grinders are used for finishing plane — 
surfaces. There are three classes—recipro- 
cating, rotary, and plano-grinders. In the first e 
type, the work is traversed beneath a grinding 
wheel at right angles to the wheel axis, viz., at 
the end of each stroke the work is fed in the direc- 
tion of the wheel’s axis. Magnetic tables and 
fixtures are used for securing the work. In the — 
rotary type, the work is secured by similar 
means to a horizontally rotating table, and the (i 
grinding wheel, whose axis is parallel to that of 
the table, feeds on to the face of the work. The $ 
wheel, in machines of this class, is sometimes 
built up of sections and always of ring forma- 
tion. Plano-grinders operate substantially as $ 


"i 


tool. All other movements of the machines are 


ordinary planers, except that a rotating grinding 
wheel is substituted for the ordinary cutting 
similar to the planers. 


. 
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PIONEERS OF ENGINEERING 


By J. F. CORRIGAN, M.Sc, ALC 


LESSON II 


THE BEGINNINGS OF 
STEAM POWER 


GIOVANNI BRANCA 
ARCHITECT AND ENGINEER 


THE first steam motive engine on record is that 
of the Alexandrian, Hero. In his works, Hero 
gives a long account of the powers of his engine ; 
and other writers, taking their authority from 
this early account, have given similar descrip- 
tions of the properties of Hero’s engine. But it 
is really doubtful whether Hero ever got his 
engine to work successfully. 

Hero’s engine is well known. It consisted of 
a hollow sphere, lightly pivoted, and into which 
steam was passed. The escaping steam im- 
parted to the sphere a rotary motion. 

After this invention, however, the further 
development of steam power was left severely 
alone for many hundreds of years. Practi- 
cally the next steam power inventor after Hero 


HERO’sS STEAM-ENGINE (B.C. 130) 


was a certain Italian architect, Giovanni 
Branca. Branca, in 1629, developed a sort of 
turbine engine, in which a jet of steam, issuing 


from the mouth of a brazen head impinged upon 
a series of vanes arranged on the periphery of 
a wheel. Motion was thus imparted to the 


BRANCA’S STEAM-ENGINE (1629) 


wheel, and, by a seriesof pinions, this motion 
was made to do useful work. An illustration of 
Branca’s engine will be found on this page, but, 
here again, one can never be sure that Branca 
ever did construct such an idealized engine as 
his illustration would suggest. 

Branca is deservedly included in our series of 
engineering pioneers, if only on account of the 
fact that his work spurred on other people to 
look into the latent possibilities of steam power, 
possibilities which were at that time almost 
totally unrecognized. 

About this time, also, comes the steam-engine 
or fountain of a certain Solomon de Caus, a 
resident of Heidelberg. In 1615, de Caus 
devised an apparatus in which he employed the 
expansive power of steam for the purpose of 
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raising water. As the illustration shows, de 
Caus’s engine simply consisted of an arrange- 
ment whereby water was heated in a hollow 


SoLtomon DE Caus’s STEAM 
FOUNTAIN (1615) 


sphere, the steam generated causing the con- 
tained water to be ejected through a long tube. 
It is rather amusing to note de Caus’s observa- 
tion that if the long tube of the engine is closed, 
and the heating continued, “ the ball will burst 
in pieces, with a noise like a petard.” De Caus, 
however, did not succeed in devising a steam- 
engine which would produce any useful move- 
ment, and thus in this respect he did not 
advance on the work of Branca. 

Edward Somerset, Marquis of Worcester 
(1597-1667), made the first really efficient 
steam-engine, which he describes in his classic 
Century of Inventions (1663). Worcester’s 
steam-engine, or rather steam fountain, as it is 
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better called, consisted, as will be seen from the — 


illustration, of a device working on a similar 


principle to the engine of de Caus. Water was — 


heated in a spherical vessel. The steam gener- 
ated drove the water up into an elevated tank. 
Whilst the water was being driven upward from 
out of one spherical vessel, a similar vessel was 
being slowly heated. The first vessel emptied, ' 
the next vessel was then ready to discharge its 
contents in a similar manner. In this way, 
Worcester devised a working steam fountain or 
pump which, with a little skill and care, could 
be got to work fairly continuously, and which 


THE MARQUIS OF WORCESTER’S STEAM 
Pump (1663) 


therefore could be applied to useful ends. 
Worcester, however, did not make any advance 
on the work of Branca in the direction of impart- 
ing actual motion to a machine by means of 
the power of steam. 
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ELECTRO-TECHNICS FOR MECHANICAL STUDENTS 


By A. P. YOUNG, 


LESSON II 


OHM’S LAW OF THE 
ELECTRIC CIRCUIT 


WE have seen that in a closed electric circuit 
there are three fundamental factors involved, 
viz., an ‘electric pressure or E.M.F. (E), 
expressed in volts, which gives rise to a current 
(1), expressed in amperes, and a resistance (R) 
offered to the flow of current, expressed in ohms. 
Now there is a very definite relationship between 
these three factors in any electric circuit when 
the current is steady. This relationship was 
discovered by Dr. G. S. Ohm in 1827, and is 
known as Ohm’s Law. The law states that the 
current is directly proportional to the electro- 
motive force, and inversely proportional to the 
resistance. Expressing the law as an equation 
we have 


E.M.F. in volts 
resistance in ohms 


Current in amperes = 


or 
E 
LR @) 
Rewriting this we have 
JE = I (2) 
E 
mdi Tee = 7 : ; : : TB) 


Thus, by the use of Ohm’s law, we can calcu- 
late any one of these factors, providing the other 
two are known. 

A few examples will serve to explain this law 
more clearly. 


EXAMPLES— 


QUESTION I. 


An E.M.F. of 100 volts is applied to a resistance of 
25 ohms. Find the current ? 


I00 


F T 
Since J = R we have, J = tee 4 amp. 


QUESTION 2. 


Determine the quantity of electricity conveyed for 
Question 1 if the E.M.F. is applied for xı minute. 

We know that Q (coulombs) = J (amperes) x 
t seconds). 


*.Q = 4 X 60 = 240 coulombs. 
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QUESTION 3. 


On a 200 volt supply the current flowing through the’ 
filament of a 100 candle power electric lamp is 0-5 amp. 
Find the resistance of the filament when hot. 


From Ohm’s law, R = 4 
a ipe ee 400 ohms. 
o5 


QUESTION 4. 


Find the total drop in voltage in the lines of an 
electric transmission system connecting two stations 


200 Amps. 
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ro miles apart, if the system is carrying 200 amp. and 
the resistance of each line is 0-125 ohm. (See Fig. 3.) 
Resistance of line AB = 0-125 ohm 
” » CD=0125 5, 


Total resistance of transmission lines, R = 0-25 ohm. 
Current, J = 200 amp. 


.. In accordance with equation (2) 
Total voltage drop = 0-25 X 200 = 50 volts. 


Nore. The last question illustrates a point 
of practical importance. If the generators at 
X are. required to maintain a voltage, for 
example, of 500 volts at the station Y, the 
generator voltage must be 550 volts to compen- 
sate for 50 volts drop in the transmission lines 
when carrying 200 amp. The voltage drop in 
the transmission lines is obviously dependent on 
the load at Y, and is equal to the current (amp.) 
x resistance of transmission lines (ohms). 


ENERGY AND POWER 


The terms Energy and Power are used very 
extensively in electrical engineering, and it is 
well that the student should have a clear under- 
standing as to their precise meaning. Energy 
may generally be defined as the capacity to do 
work, and is measured either as work done or 
work to be done. Power, however, is the vate 
of doing work. The British standard unit of 
work is the foot-pound, and is the work done 
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when a farce equal the weight of a pound is 
exerted through a distance of one foot. Watt 
found by experiment that a horse was capable 
of doing 33,000 ft.-lb. of work per minute, and 
this is now universally accepted as the unit of 
power and is called rh.p: Let us illustrate the 
_. difference between energy and power by an 
example. 

If a load of 330 1b. is lifted through a distance 
of roo ft., then the work done is 33,000 ft.-lb., 
and if the load is lifted in one minute, the 
power, or rate of working, will be 33,000 ft.-lb. 
per minute, or I h.p. Should the time taken 

to lift the load be 2 


erg, minutes, then the power, 
= or rate of doing work, 

: l ,000 
Couple will be 33209 ft.-lb. per 


minute, or 4 h.p., al- 
though the total work 
done remains the same 
as before. In order to 
obtain the total energy 
expended (or work done) 
we must therefore multiply 
the power by the time. 

The chief sources of 
x energy at the present 
Sai N time are— 

(a) Coal, which liber- 
ates heat energy when 
burnt. 

(b) Waterfalls, from 
which energy in the falling water is extracted 
by means of a water turbine. 

(c) Liquid fuels, such as petroleum, benzol, 
and alcohol, from which energy can be extracted 
by means of an internal combustion engine. 

(d) The sun, which is constantly radiating 
enormous amounts of heat energy. 

(e) The tides. 

In this country the main source of energy for 
the generation of electricity is coal, although in 
other countries, notably Canada and America, 
water power is extensively used. Whatever may 
be the source of energy, it is of the utmost 
importance that the energy should be rapidly 
and cheaply transmitted from one place to 
another, and in this respect the electrical system 
of energy distribution is vastly superior to any 
other. Through the agency of an electric 
current flowing in a simple metallic circuit, 
energy can be transmitted instantaneously over 
great distances, from some place where it can 
be cheaply extracted from nature, to some other 


Current 


Electric Current 


Electric 


5: 
©% 


Fic. 4. DIAGRAM 
SHOWING ENERGY 
TRANSFORMATIONS 


be 
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place where it can be used for industrial and 
domestic purposes. 

Such a system is shown diagrammatically in 
Fig. 4, and it should be particularly noted that 
the interlinking of A with B in the chain of 
energy transformations, is a simple metallic 
circuit comprising two copper wires through 
which the current can flow. The distance 
between A and B can be hundreds of miles 
without affecting the fundamental simplicity of 
the scheme. In no other way can energy be 
transmitted so economically over such great 
distances. 

The foregoing will have made it clear that an 
electric current flowing in a circuit represents 
energy. In an electric circuit, the power is 
measured by the units of work done per second. 
If a quantity of electricity Q is conducted 
against an E.M.F., E in ¢ seconds, the work 
done per second = = 

But Q/t = I, therefore, 

Power =I X E watts 
Where 

I = Current in amperes 

E ZEME in volts. 

The watt is the electrical unit of power, and is 
the product of the current in amperes and the 
pressure in volts. As the value of the watt is 
very small, the practical unit of power is 
1,000 watts, or the kilowatt, denoted by kw. 

EXI 


Thus, power = -————. kw. 
ai 1000 


It is important to remember when converting 
mechanical units of power into electrical units, 
or vice versa, that— 

746 watts = I h.p. = 550 ft.-lb. per second. 
and 


(4) 


1000 
746 hp, = 34 b.p: 
To determine the energy we must multiply 
power by time. Thus— 
(5) 


Energy = I X E xX t joules 
if ¢ is in seconds. 

The unit of energy is, therefore, the watt- 
second, or joule, but a more convenient unit is 
the watt-hour, the time ¢ usually being taken 


wae 


in hours. We then have— 
Energy = I x E x t watt-hours (6) 
or, 
LUXA 
Energy = LAEN kw. hrs. (7) 


(Continued on page 104) 
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ENGINEERING SPECIFICATIONS 


By ARTHUR P. Hastam, M.I1.E.E. 


LESSON I 
NEED FOR AND USE OF 
SPECIFICATIONS IN 
ENGINEERING WORK 


THE spider is one of the most accomplished 
engineers we know. It manufactures to an 
unvarying specification a wonderful material, 


and then makes use of it in a marvellous manner - 


to build a web, which, while exceedingly fragile 
in appearance, will support with a sufficient 
margin of safety relatively heavier weights 
than many of our most famous engineering 
structures. 

It is true its range of action is limited, but 
within that range it is unrivalled. It uses a 
suitable material in a scientific way, obtaining 
maximum strength from minimum quantities 
of material, used strictly in accordance with 
natural laws. This is the function of the true 
engineer, and his superiority to the spider lies 
in his wider choice of materials and the more 
varied ways in which he uses them to obtain 
his results. To succeed he must know the 
qualities of his materials, and have the skill to 
utilize them to the greatest advantage. If he 
cannot rely upon his materials he cannot ensure 
the stability of his work, if he cannot skilfully 
utilize them the result is either wasteful in 
material or unstable in execution. 

To ensure uniformity in the quality of engin- 
sering materials it is essential that their chemical 
and physical properties shall be constant. Only 
oy maintaining the quality of the materials 
employed can the stability of any engineering 
structure be guaranteed. This is now so clearly 
ealized that many of our leading engineers 
levote a great part of their time to devising 
und carrying out tests to ensure that the 
naterials they use are of uniform quality. For 
ong they worked independently of one another, 
jut in a later lesson it will be seen how, for 
he past sixteen years, a great deal of united 
vork has been done in building up the organiza- 
ion now known all over the world as the 
B.E.S.A. These tests cover a wide range. 
Some relate to the chemical composition of the 
substance and the presence of, it may be, very 
ninute traces of impurities, some refer to 


physical properties such as hardness, tensile 
strength, ductility, and shearing stress, others 
are more concerned in the behaviour of the 
substances under variations of temperature, or 
when exposed to weather or water. In all cases 
they bear some relationship to the conditions 
under which the material will be used. 

The aim of a specification, so far as it relates 
to an engineering material, is to select and state 
in clear and concise language what tests should 
be made on a substance to ensure that it will be 
suitable for a given purpose. The tests should 
be as few and as simple as possible, and the 
limits of accuracy required in the results should 
be definitely stated. If the material or selected 
samples of it pass these tests satisfactorily, it 
should be proof that it is suitable for the purpose 
for which it is required. It will be interesting 
to see what special tests are necessary for differ- 
ent substances, and for different qualities of the 
same substances. At the moment it is only 
necessary to emphasize the essential need of 
having means of determining the suitability of 
any substance for a particular purpose, and of 
ensuring that subsequent supplies of the material 
are similar in every respect. 

Many firms have spent large sums in estab- 
lishing, and still larger sums in maintaining, a 
reputation for the purity or uniformity in quality 
of the engineering materials they supply. Such 
firms maintain research laboratories, whose 
function it is not only to devise and carry out 
experiments for finding new materials, but to 
test and examine for uniformity to standards 
the manufactures of their owners. 

In so far as a specification is a means of 
ensuring that a given material 1s what it pro- 
fesses to be, it serves an extremely useful pur- 
pose. Such a specification can be made clear, 
precise, and definite. It is, however, not such 
an easy matter to define and test craftsmanship. 
Beauty of outline, the highest expression of 
craftsmanship, is patent in many engineering 
masterpieces, but it cannot be produced from 
the demands of a written word, it is inherent 
in the individual, it is genius. It cannot be too 
strongly insisted upon that there is no natural 
affinity between ugliness and engineering; a 
bridge or a viaduct, a machine or a breakwater 
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may be so planned that it is no eyesore, but 
rather a complement to its surroundings. 

A specification may, however, help in what 
may be termed the more ordinary phase of 
engineering craftsmanship. It may define the 
results to be obtained while it leaves to indivi- 
dual determination the means to be adopted to 
attain the results. It may state within what 
limits of temperature rise, or what variations 
in tensile strength certain work should be per- 
formed, or what precautions must be observed to 
avoid breakdowns due to “ fatigue” in materials. 

It may, in fact, serve as a very useful guide to 
the engineer, and prevent undue risks being 
inadvertently taken. Beyond defining the quali- 
ties of the material itself, or even going farther 
and detailing the results to be obtained from a 
completed article, an engineering specification 
may, and often does go farther still, and serve 
as a basis on which the cost of complicated 
engineering works can be estimated. Thus, 
tenders obtained from various firms may be 
compared. 

An example of a simple form of specification 
may be one for, say, Portland cement, a more 
complex one may be for, say, a reinforced con- 
crete tank where work has to be done on the 
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original material, while a further type of 
specification may be exemplified by one calling 
for a complete gas or waterworks equipment. 
In this latter case the requirements to be met 
must be clearly stated and, where necessary, 
illustrated by dimensioned drawings, so that a 
contractor following the instructions may obtain 
the required results. Such a specification for 
an important work is very difficult to produce, 
and places great responsibility upon the engineer 
who prepares it. It should state in few but 
easily understood words what tests the impor- 
tant materials to be used should withstand, 
what should be the performance of individual 
machines, how the various machines are to be 
arranged in relation to the site or building and 
to each other, and further, how any special 
engineering difficulty should be overcome. The 
final tests to be made when the work is com- 


‘pleted should be clearly stated. 


If the work includes buildings or earthworks, 
the specification should state what quantities 
are included, and in fact give details which 
different firms, desiring to tender, would inter- 
pret in the same way, with the result that prices 
would be quoted which would be comparable 
one with another. 
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Where J = Current in amperes 
E. =E.M.F. in volts 
t = Time in hours. 
The kilowatt-hour is the Board of Trade unit, 


and is commonly referred to as the unit. 
the world unit of electrical energy for the public — 
supply of electricity. Electric meters are con- 
structed to measure in units or kilowatt-hours. 
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APPLIED MECHANICS 


By Gero. W. Birp, WH.Ex., B.Sc., A.M.I.Mrcu.E., A.M.1.E.E. 


LESSON III 


STANDARD TENSILE TEST 
PIECES 


N the specification of steel for such purposes 
is structural work, ships’ plates, or boiler 
making, it is usual to require, amongst other 
hings, that the steel should show a minimum 
percentage elongation on a stated length when 
subject to a tensile test. We shall now see how 
mportant the shape of the test piece is. 

Barba’s Law, obtained as the result of a very 
arge number of experiments, states that 
similar test pieces deform similarly when tested 
m tension. Any two test pieces will be similar, 
provided that the ratio between their lengths 
s the same as the ratio between their lateral 


limensions. An example will be useful here to 
nake this clear. 
Example. A test piece has to be cut from 


cach of two plates, one of which is din. in 
thickness, and the other #in. The test length 
of the specimen cut from the 4 in. plate is to be 
3in., and its width 14in. Find the width and 
est length of the piece cut from the ? in. plate, 
o that the test pieces shall be truly similar. 
The ratio between the thicknesses is 4 : 3, 
X 2:3; therefore the width of the ł in. plate 
must be å times the width of the 4 in. plate, 
miz., $ X Ifin. = 2}in. Similarly, the length 
must be #X 8in.=12in. The two test 
nieces are shown in Fig. 12. 

This example serves to show that, to comply 
vith the condition that all the test pieces that 
nay be cut from plates of different thicknesses 
should be similar in form, would entail very 
sonsiderable expense and loss of time, hence the 
3.E.S.A. has made certain recommendations 
elating to thickness and width of test pieces, 
und readers who are specially interested in the 
esting of materials should obtain Report No. 3 
of the B.E.S.A., price Is. 

We have seen from consideration of the load- 
sxxtension diagram in Fig. 3, that the test piece, 
vhen under load, extends uniformly all along its 
ength until the maximum load is reached, and 
we may call this the general extension. After 
che maximum load is reached, and until fracture 
cceurs, the extension takes place at the waist 
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now formed, and this we may call the local 
extension ; hence the total extension may be 
taken as the sum of the general and the local 
extensions ; or, 


Total extension = general extension + local 
extension . 5 : ; $ E, 


Prof. Unwin has pointed out that the local 


- extension is proportional to the square root of 


the area of the cross-section, and since the 
f - ae 
$ N $ 4 thick 


h el 


2 UG hich 
Eg 


FIG. 12 


general extension is proportional to the length 
of the specimen, we may write (1) as 


e=bl+cvV/4 . 5 UA 
where e = total extension 
l = length of specimen 
b = a constant 
c = a constant 
A = area of cross-section of specimen. 


and since the extension is usually stated as a 
percentage 
é€ X 100 10081 100c4/ 4 
l <a) (ane. 
cy A 
Jo 


or percentage elongation = 100 (2 + E 


Expression (3) becomes greater as the area of 
cross-section is increased, but becomes less as the 
length of the specimen is increased. We now 
have in (3) an expression which will enable us to 
calculate the correct percentage elongation for 
different specimens that may have different 
cross-sections and lengths, and lack similarity of 
form. To show the application of expression (3) 
we shall take a numerical example as follows— 

EXAMPLE. The results of two tensile tests 
of the same material are given in the table 
on next page. 
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| Gauge | P z | Percentage 

Test | length | Thickness] Width | elongation 
Lea Bin | Zin. | 2in. 24°1 
Y | roin. | din. | 2}in. | 24'9 


What should be the percentage elongation of 
another test piece z whose diameter is # in. and 


gauge length 6 in. r3 
eV A 
(3) 


Percentage elongation = I00 ( b + 7 


FIG. 13 


Fic. 13A 


By substituting the values given in the above 
table we obtain— 


GA b+ev4 x 2) 
24:9 = I00 ( at 
and, 24:1 = 100 kt EN 
b r-118 
or, 249 =) Fe X Io | 
“7O71 


and, 241 =b+c xX 8 
from which c = -3418 and b = -2108. Using 
these values for the constants b and c, we can 
complete the solution as follows— 

Percentage elongation 


= I00 (2108 + get ar 
Percentage elongation = 24-86. 


RESILIENCE 


To raise a weight through a certain height 
requires the expenditure of a definite amount of 
energy equal to 

(the weight raised) x (the vertical lift). 
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If, now, this weight be allowed to fall to i 
original position, it can be made to do an amo 
of work equal to that expended in raising it i 
the first instance. Whatever is used to che 
the motion of the falling body will be called u 
to receive the energy of that body at the instan 
of impact. This store of energy we term strain 
energy, or resilience, and the body which sudden! 
receives this store of energy becomes subject to 
stress. The capacity of a metal to absorb thi 
energy of shocks and blows is of very great 
importance. Many, if not most objects 
engineering design, are subject to shocks during 
the whole of their period of service, and economy 
of weight with the necessary strength is onl 
obtained by a wise selection of the metal o 
which the parts affected are made. There are 
three cases which need consideration at this 
stage. 


Case 1. The load is gradually applied. 


We have seen in Lesson I that the gradua 
transfer of a load to a bar results in stretching 
the bar, and the work done on this bar is the 
product of the average load and the distortion 
or alteration in length produced. This may be 
studied by taking a load W and allowing it to 
settle gradually on to a spring. At first the 
load touches, but does not rest upon the spring, 
the whole of the weight is taken by the support- 
ing hand. If now, we allow the weight to rest 
more and more heavily on the spring, finally the 
spring will support the whole of the weight as 
in Fig. 13A, and the hand may be withdrawn 
The work given out by the weight in dropping 
through the distance x = Wx, and this has been 
equally shared by the hand and the spring, so 
that the work stored by the spring when it is 


W 
finally supporting the whole load is ZX %, 0 


(the average load) x (the alteration in length). 


EXERCISE No. 3 


1. A-tensile test piece is 2 in. wide, $in. thick, and 
8 in. gaugelength. Determine the sections of two other 
geometrically similar test pieces, the gauge length of 
one being 6 in. and that of the other 9g in. 

2. A copper bar, fin. diameter and 8in. gauge 
length, was tested to destruction in tension, The 
local extension was found to be 0-55 in. and the genera 
extension 1-80 in. Calculate the appropriate con 
stants “ b ” and “ c,” and the elongation of a test piece 
of the same materia] whose dimensions are $in. X 
łin. X roin. gauge length. 
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By W. G. Bicxiey, M.Sc. 
Lecturer in Mathematics, Battersea Polytechnic 


LESSON III 
LOGARITHMS 


Logarithms. Study the following list of powers 
of 2, obtained by continued multiplication— 


i= 2 2 = 128 2 = 8 102 
Z= 4 25 = 256 2⁄4 = 16,384 
oS 27 = 517 OP a= 32,768 
2+ = 16 D De IOA a AE 1056536 
2 E37 2 E 2,048 = 2 T3072 
25 = 64 22 = 4,006 28 = 262,144 


Does it enable you to evaluate quickly 


cut in arithmetic, for it is easier and quicker to 
add and subtract than to multiply and divide. 
Moreover, a continued multiplication can be 
done by one addition, e.g. 


TOKIZ X 32 X I8 E= 2X 72 X2 x2 
SS D == VERO. 


e 
This has been done; the table of logarithms 
due to Napier and Briggs is such a table. You 
should have no difficulty in obtaińing a table 
of logarithms ; they are printed in many mathe- 
matical and technical books, and also by them- 
selves or along with other useful tables. Four, 


(a) 16 x 64, (c) 16,384 — 2,048, or possibly five, figure tables, are good enough 
(b) 512 X 32, (d) 8,192 X 256? for engineering calculations, though for more 
LOGARITHMS 
ee Ee Se ee a eek 7 8 9 
| 
2°3 | 3% "3036 | 3655 |-3674 |-3692 | -3711 |-3729 |-3747 |-3766 |-3784 | 2 4 6| 7 911 | 13 15 17 
(We have put in all the decimal points. Some tables leave them out, to economize space. Anyone 


knowing anything about logarithms can replace them, so they are not absolutely necessary.) 


Take (a) first. From the table we see that 
16==2* and 64 = 2f. Thus, 16 X 64 = 2% x 
2° — 219. Now we can look up the value of 
219 in thetable. Itis 1,024. So 

(a) 16 X 64 = 1,024. 
Similarly, 

KO) May Wee 3 2a — 29 re 
And in the same way, 

(c) 16,384 + 2,048 = 2! + 20 = 23 = 8. 
Also, 

(AE SLO Ze 25012 2 27k 
and our table is not extended far enough. But 
it could be extended as far as we pleased. 

You see what we have done. By means of a 
table of powers we are able to replace (at least 
for numbers in the table) multiplication by 
addition, and division by subtraction. If we 
could only make a table that would include all 
numbers, we should have a very useful short 


2a T0384. 


accurate work, seven and twelve figure tables are 
in existence. The numbers printed in the body 
of the tables are really indices: a logarithm is 
an index. 

Instead of using powers of 2, it is much more 
convenient to use powers of Io, since our system 
of numbers is based upon 10. Now we know 
that 10° = 1, and that 10t = r. Consequently, 
any number between I and to, that is, any 
which has a units figure to begin with, and 
possibly a decimal after, goes with an index 
between o and I. That is, the index is a 
proper fraction. It is really these indices that 
are printed in the table. To show how to use 
the table, we print one line of a four figure table 
above, along with the column headings, etc. 

In the table, opposite 2-3, and under o, you 
see +3617. This means that 2-3 = 10°87; 
i.e. the -3617 is an index. As has been said, it 
is called a logarithm. We say that the logarithm 
of 2:3 is +3617, and write it shortly 
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log. 2:3 = +3617. 
Again, opposite 2-3 and under 6, you see -3729. 
This means that 
2:36 == 10:2729 on log2:36 = 3720, 
Now look under the second 4, and you see 7. 
This, added at the end of the logarithm you 
already have, gives you the logarithm of 2-364; 
i.e. 3729 + 7 = 3736, meaning that 
2:364 = 103736 or log. 2-364 = -3736. 


Now procure a table of logarithms and look up 
the logarithms of: 1-8, 3:5, 5:17, 3°75, 8:217, 
1-675, 5, 4. 

The afiswers are: +2553, -5441, ‘7135, °5740, 
9147, ‘2240, -6990, -602T. 

Multiplication. To see the use of logarithms, 
let us work out 1:6075 X 5:17. From tables, 
log. 1-675 = -2240, log. 5-17 = :7135; so 

1-675 x 5:17 = J0 2240 x 10 7185 

= 107 (adding the indices). 

We now want the number whose logarithm 
is +9375, Or, as it is called, the antilogarithm of 
‘9375. Looking in a table of antilogarithms 
(remembering that the decimal point is not 
always printed, and putting it in where it ought 
to go) we find opposite -93 and under 7, 8-650 ; 
then under the second 5, still in the same line, 
we find ro. Adding this in, we have 8-660. 
That is 


TO ED =, 8-600; 
Therefore 1-675 X 5:17 = 8-660. 


(Arithmetical working would give five places of 
decimals, We have only three, as four-figure tables 
will only give us four figures. This slight inaccuracy 
is no real disadvantage, for results thus obtained are 
sufficient for nearly all practical needs.) 


Practise looking up antilogs. of: :1417, -2517, 
3905, -4017, -g008. The answers are: 1:386 
1-785, 2°458, 2°522, 7:958. 

Look back over that multiplication sum, 
1:675 X 5-17 and pick out the important parts, 
so that you see the rule. The essential steps 
were— 

Look up the logs. of 1-675 and 5:17. 

Add them. 

Look up the antilog. of -9375. 


That’s all. In future, it will not be necessary 
to introduce the 10’s every time ; and it would 
be better to have the logs. underneath one 
another as it is easier to add them up so. In 
future, then, we shall set Gown the work thus, 
with the logarithms at the side. 
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1:675 X 5:17 Logs. 
= 8-660 (looking up cee hee pee 
antilog.) 


EIST 
Soon you will be able to leave out all the 
explanations that are put in brackets, and work 
thus— 


(a) 3°67 X 2:145 "5647 
= 7:872 “3314 

Maer -8961 

(0) I-14 X 3°75 X 1-07 -0569 
= 4574 "5740 

-0294 

-6603 


Now work the following this way— 
2:35 1175, 3125 X 2:417, 8:75 X TOMON 
TIS X 1°25 X 1-35, 252 1-5°. 
The answers are— 
2:762, 7°553, 9'154, 1:940, 6:350, 3°375. 
Division. Using the same ideas, let us try to 
divide 5:17 by 1-675. 
Rely, = 1:675 == 107135 = To 2240 
= 10 48% (subtracting indices) 
= 3:087 (from antilog. table). 
The gist of it is— 
Look up logs. of 5-17 and 1-675. 
Subtract Jog. 1-675 from log. 5-17. 
Look up the antilog. of -4895. 
Setting down only the bare essentials, it would 
appear as 


aa 5°17 "7135 
5°17 + 1:675 (or dl 2240 
= 3.087 4893 
Another example— 
8 ‘9402 (log. 8-715) 
se 3649 (log. 2-317) 
= 3:761 (antilog. :5753)| -5753 
Now work, for practice— 
2°75 5:217 2'26 X 3°51 
1°85’ EEEN] 5'527 


The answers are— 


1-486, 2:434, 1'435. 
So far we have only dealt with numbers 
between I and 10. We shall now see how to 


Se Ta a a a ee 
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~ deal with numbers greater than ro, and later 
with fractions less than 1. 

Numbers Greater than 10. We have just 
seen how logarithms simplified multiplication 
and division, replacing them by addition and 
subtraction respectively, but only dealt with 
numbers between i and ro. If we can find the 
logarithms, we can use the same rules for any 
numbers. We proceed to show how the loga- 
rithms of numbers greater than 10 can be found 
from the table. 

Suppose we want log. 317-4. From tables, 
we find that the logarithm of 3-174 (the same 
figures, with the decimal point in another posi-. 
tion, i.e. after the first figure) is 5017. That is 
3°174 = 10 "7 (a log. is an index.) 

317-4 = 3:174 X 100 = 3°174 X I0? 
= To 5017 x I0? 
= 107°!” (adding the indices). 
Thus log. 317-4 = 2:5017. 

Examining the above, we see that the 
logarithm has two parts, a whole number 2 and 
a decimal -5017; the decimal came from the 
table, while the whole number depends upon the 
position of the decimal point. 


Similarly, 
35,200 


But 


= 3°52 X 10,000 

= 10°48 X rot (looking up log. 3:52) 
EG R (adding indices) 

So log. 35,200 = 4:5465. 

Now notice that to get the fractional part we 
want the point after the first figure (3:174 and 
3°52). Also that the whole number in the 
logarithm is the number of places we must move 
the point to get it there. 

3:174 (2 places) 3:5200 (4 places). 

Using this rule for the whole number part 
of the logarithms, 

log. 4,714 = 3:6734 (-6734 from tables ; 

point 3 places) 
log. 25:7 = 1:4099 (-4099 from tables ; 
point I place). 

Now find the logarithms of 412:5, 38-7, 5,000, 
249,200. The answers are 2:6154, 1:5877, 
3:6990, 5:3966. 

(It will now be seen why it is possible to leave out 
all the decimal points in printing the tables. The 
position of the decimal point does not affect the decimal 
part of the logarithm ; the whole number part of the 
logarithm is obtained by inspection, and not from the 
tables at all.) 

To find antilogs. we must reverse the process. 
Thus to find the antilog. of 2-7143, we at first 
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disregard the 2 (since it only depends upon the 
position of the point in the number we seek), 
and find antilog. -7143 from the table. This is 
5'180. The 2 now tells us to move the point 
2 places, giving 518-0. So 

antilog. 2:7143 = 518-0. 
Similarly, antilog. 5-342I = 219,900 


2,199 from table, disregarding the 5; point 
5 places from its position after the first figure 2 
(adding the necessary 0’s). 

Now look up the antilogs. of 2:5217, 4:3197, 
1-4418, 9:2175. The answers are 332°4, 20,870, 
27:66, and 1,650,000,000. 

We can now do the following sums— 


(a) 48:5 X 3°174 X 251 1-6857 (Jog. 48°5) 


ns ; À “5017 (log. 3-174) 
= 38,650 (antilog. 4:5781) Pe a aS] 


4:5871 (adding) 
3182 375027 (log. 3,182) 
Oa 1:6730 (log. 47-1) 


a 5207 (subtracting) 


= 67:56 (antilog. 1-8297) 


(0) 285:7 X 1:37 X 44:2 
779 X S74 

Here we must add the logs. of the numbers on 

top, add the logs. of the numbers at the bottom, 


and subtract the latter from the former. Includ- 
ing explanation, the marginal work will appear— 


2:4559 (log. 285: a) 1:8915 (log. 77:9) 


-1367 (log. 1-37) -7589 (log. 5°74) 
1:6454 (log. 44-2) 2:6504 (adding) 
4:2380 (adding) 

( 


2:6504 (from other part) 
1:5876 (subtracting) 


Looking up the antilog. of 1-5876, we find the 
answer 
205-57, K L37 X 412 
VIR E OEE 


= 38-69. 


EXERCISE No. 5 


1. Evaluate, using logarithms— 


(a) 38-7 X 14:2. 
(6) 417 X 2°85 X 21:2 


165:9 
eas 

24°7 

STRADE 229 2A 
(e) 164:2 X 3°62 


165 X 2,043 X II17,000 
21 X 59,010 X 2°75 
(Continued on page 112) 


(e) 
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MACHINE CONSTRUCTION AND DRAWING 


By G. Woop, A.M.I.Mecu.E. 


LESSON III 
SCALE AND ECONOMY 


Scale. We have, in the previous examples, 
considered the method of drawing machine-parts 
full size, i.e. each line on the drawing was of 
equal length to the corresponding outline on 
the part. The overall sizes of the examples 
taken were such that, without increase or reduc- 
tion, they allowed reproduction within the 
limits of the border lines on the drawings, and 
at the same time filled the sheet. This condition 
is the exception, and to represent the majority 
of machine-parts on a drawing, we must either 
reduce or increase the length of each line corre- 
spondingly by some decided proportion. This 
proportion of linear increase or reduction of line 
is termed scale and, for convenience in marking 
off the lengths of lines, rules are provided on 
which the unit lengths are varied, according to 
the specified proportion. Such rules are called 
scales. 

The most common scales used in machine 
drawing are as follows: 4” = Iin. 4}, = I in. 
7 = Im., 3 = Ift, rh = rft, F = 7 ft, and 
"= I ft. For convenience all the above scales 
are, in most cases, embodied in one boxwood 
scale. The use of the various scales will be 


readily understood by reference to Fig. 2, where 
the same length of line on the drawing indicates 
different lengths on the scale. Also, referring 
to Fig. 1, we have shown a round section of 
diameter d and length L. Suppose we have to 
represent machine-parts of the same outline 
as shown in Fig. 1, but of the various dimensions 
given in Table “ A.” Drawing these outlines, 
say, within an overall paper length of 10”, we 
find, as shown in Fig. 3, that the same rectangle 


on the drawing can represent all the various 
size sections given in the table by simply altering 
the scale to correspond. 


TABLE A 


Dia. d | ay 
Length L a 


Fixing the Scale. The usual and more prac- 
tical method of fixing the scale of drawing. is to 
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~ 
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mark off a length equal to the space available 
for drawing, and placing the different scales 
upon this length find, by trial and error, the 
scale giving the required dimension length 
within the available space. At the same time 
it may be advisable to consider the arithmetical 
basis of the suitable scale. The maximum 
scale which may be used is equal to the 
length available on the drawing divided by 
the overall length of machine-part to be out- 
lined, or where s = scale. 1 = length of space 
available on the drawing (having allowed for 
space between the views and views and border 
lines). L = overall length of machine-part, 


l 
then s = z and, applying this simple equation 


to the parts tabulated above, we have— 
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. Drawing | Overall length L Seale 
space / | machine-part L ip 
1 

9 in. 9 in. i el ees TE ie 
ey Toe 4 eae 

F 36y 4 eae Tos 

: En 4 P E 

» 3 ft 3 3° = 1 ft. 

š ; I4 13” = 1 ft. 

a nz! a se ł P Rfi 

» , $ P= Efi 


FULL SIZE 
/ 8 Mw 


ScaLe:-/4 =INCH 
Z. 2 Mt 


| ScaLeE:-/8 =INCH 
30" 


ScALE:-3=/Foor 
—6'0" 


Scate:-l/=|Foor 
/2'0* 


SCALE:- 34=/Foor 
24' 0" 


40da 


ScALE:- 38=/Foor 
FIG. 3 


In the above example we found the maximum 
scale to come, in every case, to a fraction corre- 
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sponding to one of the fixed scales on the 
standard rule. Such agreement of scale to the 
space -available for drawing is the exception. 


In most cases we have to compromise between 
the larger scale and the smaller border width. 
Let us take a less favourable example in the 
iron branch piece shown in Fig. 4. Making the 
border lines 20%” and 14%” apart, and allowing 
1%” space between the views and border lines, 
we have 16” and 10” available for the overall 
length of the horizontal and vertical lines 
respectively. The overall horizontal length of 
line to be represented will be 8’ 6” for the side 


SIDE ELEVATION 


Fic. 5 


END ELEVATION 


elevation and 18” for the end elevation, i.e. a 
total of 10° o”. 


y 1 16 in. 
ae ates o 


a= IHG! = 50 Ba 


Regarding the vertical lines we have the 
overall length of line to be drawn is 13” + 9” 
for the side elevation and 18” for the plan or a 
total of 3’ 4” for the two views. 

f l Io in. 7 
Pom n a m 


The scale must, of course, be common to both 
horizontal and vertical 
lines so that, for this 
example, a scale of 1-6" = 
1 ft. is the maximum we 
can adopt. This is an 
odd scale and consequently 
our choice is limited to 
taking the nearest scale 
below this maximum, i.e. 
th’ = Ift. 

Economy in Drawing. There are many good 
reasons for reducing the amount of drawing to 


SCALE: =/INCH 
Fic. 6 
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a minimum. There is the time saved to the 
draughtsman and, machine drawing being a 
utilitarian art, this is an important considera- 
tion. Also, if the economy results in reducing 


Fic. 7 


the number of views, we can, within the avail- 
able space, make the drawing to a larger scale, 
and so tend to a greater clearness. Further, if 
the economy lies in the number of lines making 


the drawing a still further help towards clearness 
will obtain. 
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It may be advisable to consider the general 
cases in which both the number of views and 
number of lines can be reduced. First, take the 
case where a machine-part can obtain full 
graphical representation with a single view. 
Circular sections when dimensioned are noted as 
diameters (or dia.), and this note automatically 
dispenses with the end view showing the section. 
Referring to Fig. 5 the two views show the part 
to be a circular section of constant diameter. 
Now, if we dimension the side elevation, as 
shown in Fig. 6, the end elevation can be 
dispensed with, the abbreviation dia. denoting 
the part to be of circular section. This rule is, 
of course, applicable to machine-parts of vari- 
able section provided the sections are circular. 

Such a case is shown in Fig. 7. It will be 
noted that the scale of this drawing has been 
omitted, and for an exercise we leave it for 
the student to choose a suitable scale and make 
a finished drawing of the shaft. 
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(Continued from page 109) 


67°3 X 51:4? 
O 385 x 20 
2. The area (A) of a circle of radius v is given by 


=tr?. Taking r = 3:142, find the areas of circles 
with radii 5-15 in., 220 yd. 


3. The volume (V) of a sphere of diameter d is given 
3 


byv = sa > T having the value in (2) above. Find 
the volume of a sphere of radius 21-8 in. 
3 
ie u (a formula dealing with shafting). 


(a) Find T when f = 13,000, d = 4'8. 

T = 5,500, d = 1'5. 

10,800g 
TN? 

value of h when g = 32-2, N = 125. 


(6) Find f when 


5 h= (dealing with governors). Find the 


ANSWERS TO EXERCISES Nos. 2, 3, AND 4 


(2) 


Tete ==" 300: 
2. % = 168. 
3. n = 1s. 


4: i= s 
5. w = 3:02 (approx.). 
6. r = 000395 (approx.). 


(3) 
I0 
(6) — 


I. (a) 1,125. 5 = 0°476. (c) 50. 
2. (a) 384. (b) 9'375. (c) 37°5. 
3. (a) 2,700 ft. (b) 50 m.p.h. 
(4) 
of ‘of wu? 
I. W = J? T A gZ= f 
a gaba bi gdh 5 gdh f Sie? 
2lu? 2fu? 2fl dh 
ioe 
d = aia 
_ C'e _ 3 [Cde _ Gale 
3 P= spin? D = aaa" = eml 
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THE THEORY OF HEAT ENGINES 


By ESS. Core, B.Sc: 


LESSON III 
PROPERTIES OF GASES—(conid.) 


Internal Energy of a Gas. Joule’s Law states 
that the internal energy of a gas depends on 
its temperature only, and is independent of its 
pressure and volume. 

This we have already seen from the previous 
lessons, since the molecules are freed from the 
influence of their attractive forces, and any 
addition of heat increases their kinetic energy, 
which is indicated by a temperature rise. 

The total amount of internal energy possessed 
by a gas cannot be measured, but changes of 
internal energy can. 

We know that 


Heat supplied = work done by gas + 
increase in I.E. 


If no work is done, the gain of internal energy 
= heat supplied. 

If no heat is supplied, but the gas expands 
and does work, then the amount of work done 
is equal to the loss of I.E. that occurs. 

Specific Heats of a Gas. Consider a mass w 


of gas enclosed within a cylinder fitted with a’ 


piston (Fig. 3), and imagine firstly that the 
piston is rigidly fixed—so that the gas may be 
heated at constant volume. Let the tempera- 
ture be raised from ¢, to łą degrees. Then if 
K, is the specific heat of the gas we have 

Heat supplied = w . K, (t,-t,) heat units. 

But heat supplied = work done + change of 
LE. 

.. as no work has been done 
Change of LE. = w . K, (t,-t,) heat units. 

Now heat the same gas from ¢, to ¢, degrees, 
but allow the piston to move under a constant 
external pressure P, so that the volume increases 
from V, to V, cub. ft. 

The internal energy is increased by the same 
amount as above, since it depends on tempera- 
ture only, and not on pressure or volume, i.e. 


Gain of LE. = w. K, (t-t) heat units. 
But the gas has now done external work = 


(VaV) heat units. 


SI 


Hence the heat supplied to raise the tempera- 
ture from ¢, to ¢, is greater than in the first case, 
since work has been done, i.e. 


12 
Heat = F - (V-V) + w. K,(t.-t,). 


Now the heat supplied = w. x specific heat 
X (tyt). Hence, if K, is the specific heat at 
constant pressure, we see that K, is greater than 

m 

Hence, a gas has two specific heats to be 
considered. 

Again, 


w. Ky (tt) = F (VV) + VK, (tat) 


riae 


M TTT Vp TT TTT 
= 


MUTT 
> 


FIG. 3 


Və V, are volumes of a mass w of gas at 
absolute temperatures T,, T} respectively, and 
so P. V =w. RT ft-lb: 


2 wR 
z9r wK, (ty t) a if 


(ToT) + wk, (tt) 


R : 
on kk, = J heat units. 


For Air K, = 0:2375 heat units 
K, = 0169. 

Thus with temperatures measured in ° F. 

= 778 -i R= 77802375109) = 
re 53:2 ft.-lb. per lb. 
Or on centigrade scale 

R = 1400 (-0685) = 96 ft.-lb. per lb. as 

previously stated. 

Work done by a Gas expanding according to 
the equation PV = constant, i.e. Boyle’s Law. 


The diagram (Fig. 4) represents the variation 
in pressure and volume that occurs, the gas 
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expanding from an initial state P,, V,, to a 
final state P,, V.—the temperature remaining 
constant = T. Such expansion at constant 
temperature is termed Isothermal. 

Consider, then, a small change in volume 


(2) 


v 4 PRESSURE 


Fic. 4 


ôV of the gas during which the average pres- 
sure is P, then the work done is given by 
ôW = P. OV ft.-lb. 


and is represented by the area of the shaded 
strip shown. 

Thus, the total work done during the expan- 
sion will be found by summing together all 
these elementary strips between the limits of 
the expansion V, and V,—in other words we 
have to integrate the above expression. 

(Readers, who are not yet acquainted with 
the calculus, are asked to memorize the result.) 


We have then W == f rav 
1 


Bite eat 


or since P, V = wRT, we may write 
y 
W = wRT loge val ft.-lb. 
1 
and since Pi Vim R Vs 
P 
W = wRT log. P 


2 


ft.-lb. 
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Work done’ by a Gas expanding according to 
the general law PV” = constant. 

The expansion now takes place from initial 
conditions P,, V, and T, to final conditions 
Pop Vand 7, (le 5): 

Then as before, the work done is given by the 
area under the curve, i.e. 


me f pay. 
B 


Here PV” = constant = k (say) 


P % dV k 


But hee or Pr 
so that we may write 


k 


<. P= 


[Vie a Vox | 


T rn E= 
W = PV CV St P 


Pk Fas at i 
n-I pee 


PV» 33 PV, 

A I-n ka 
and again since PV = wRT 
wT, - Ts] á 

n-I 


W= 


PRESSURE 


VOLUME 


Ley Sy 


Fic. 5 


PrRoBLEMS. (1) The specific heats of a gas are as 
follows: K, = 0-217, K, = 0-172. Determine the 
volume of 1 1b. of the gas at a pressure of 10 atmospheres 
and a temperature of 600° C. 

(2) 5 Ib. of air are compressed from an initial pressure 
and temperature of one atmosphere and 60° F., toa 
pressure of five atmospheres, the equation of the com- 
pression curve being Pu? = const. Calculate the 
work done. z 

SoLuUTIONS (1) 2:56 cub. ft. (2) 21, 3,000 ft.-lb. 

(Vol. at end of compression = 17:1 cub. ft.) 
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DIESEL ENGINES 


CONSTRUCTION, OPERATION, AND MAINTENANCE 


By A. Orton, A.M.I MECH.E. 


LESSON T II 


THE FOUR-STROKE 
DIESEL ENGINE—(contd.) 


Compression. As soon as the inlet valve closes, 
the quantity of air in the cylinder is fixed, and 


the compression takes place according to the. 


well-known physical laws governing the com- 
pression and expansion of a gas. These laws 
are explained in the lessons on “ Theory of Heat 
Engines,” and we shall content ourselves by 
stating, in the most convenient form for our 
purpose, the formulae connecting the pressure, 
volume, and temperature changes. 

Let P,, V,, and 7, be the initial pressure, 
volume, and temperature respectively of the 
cylinder contents in absolute units, and let Ps, 
V., and T, be the values at any other moment, 
then 


JaA 
Dae oT; 
PVN BPV or PV ret PV (2) 


JES n= 
T.=T, (=) n 


V n—T Va 0-35 
= T, (7) one i (7) = (4) 


n = a power index usually taken as 1-35 


= = constant : 2 (G3) 


If there were no heat flow from the gases the 
compression would be adiabatic, and n would be 
1-408, while if the temperature remained con- 
stant the compression would be isothermal, and 
n would be unity. 

The minimum permissible degree of compres- 
sion is that which gives a final temperature 
sufficient to ensure the certain ignition of the 
fuel-as it enters the combustion chamber. Now 
it is clear from equation (4) that the final 
temperature (T,) is a function of the compression 


2 
initial temperature (T). 
If we assume a compression ratio of 14:2 as 
before, and use this value in equations (2) and 
(4) along with the assumed values P, = 13:7 Ib. 


ratio 7, and is in direct proportion to the 


P,\9-259 i 
or = T, io (3) 


per sq.in. absolute and 7, = 100°F. (560 
absolute), then we find that the final pressure 
of compression is 478 lb. per sq. in. (493 lb. 
absolute) and the final temperature 955° F. 
(1,415° absolute). Many manufacturers adopt 
as their standard a compression pressure of 
480 lb. per sq.in., for which it is convenient 
and fairly accurate to assume a final tempera- 
ture of about 1,000° F. 

This temperature is considerably higher than 
is strictly necessary to ignite the fuel oil usually 
used, but practical experience has shown that 
it is desirable to have a good margin of tempera- 
ture in order to provide against the conditions 
that exist when’ starting a cold engine, and when, 
for any possible mechanical fault, there might 
be a loss of compression. 

It is moreover to this high temperature of 
compression that we must attribute the high 
thermal efficiency of the Diesel engine. This 
is due to two main factors, (1) that the theoreti- 
cal efficiency of any internal combustion engine 
increases with an increase in the ratio of the 
final to the initial temperature of compression, 
and (2) that as a result of this high temperature, 
in conjunction with the large excess of air 
present, the conditions at the moment when fuel 
injection begins are highly favourable to perfect 
combustion. 

Injection. The essential features of this pro- 
cess are (1) to begin the injection of the oil at 
the point of maximum compression; (2) to 
continue the injection steadily at the right rate 
to maintain a constant pressure in the cylinder 
during combustion ; (3) to break up or pulver- 
ize the oil into fine particles, like spray, in order 
to facilitate combustion ; (4) to distribute the 
oil as effectively as possible into all parts of the 
combustion space, and (5) to deliver the right 
quantity of oil for each working stroke. 

In the air injection system the oil is pumped 
in small charges, each sufficient for one cycle of 
operations, into the injection valve casing in the 
cylinder head, which casing is also kept charged 
with high-pressure air. The injection valve 
itself controls a small aperture connecting the 
inside of the casing with the combustion space, 
and is mechanically lifted at the right moment 
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by means of a cam and lever, thereby allowing 
the blast air, as it is called, to blow the fuel into 
the cylinder in the form of a fine spray thoroughly 
broken up and intimately mixed with it. 

Naturally, the pressure of the blast air must 
be largely in excess of the compression pressure, 
in order to drive the fuel oil into the cylinder 
with the velocity and energy necessary to distri- 
bute it adequately throughout the combustion 
space, and, since the compression pressure 
approaches 500 lb. per sq.in., it is easy to 
understand the necessity for the blast air 
pressure being 900 to 1,000 lb. per sq. in., as 
is usual with an engine giving its full output. 

In the solid injection system the general 
arrangement of the injection valve parts is 
somewhat similar, except that no blast air is 
used, the oil being forced into the cylinder 
through the valve by purely mechanical pressure, 
thus entering the combustion space as a liquid 
in a finely divided state. In order to attain the 
degree of pulverization and distribution of the 
oil in the combustion space necessary for good 
combustion and efficient utilization of the avail- 
able air, extremely high oil pressures have to be 
used, in conjunction with exceedingly small holes 
in the valve nozzle. The pressures adopted vary 
with the different types of injection apparatus 
used by the different makers. Few, if any, 
successful systems employ less than 4,000 Ib. per 
sq. in., while some go up to 10,000 lb. or even 
higher. 

The relative merits of the two systems is a 
matter of much discussion at the present time, 
and it would lead too far from our immediate 
purpose to attempt a detailed comparison 
between them. We shall, therefore, at the 
present stage, refer only to their principal 
features in so far as they affect the process of 
injection. 

Considered purely as a means of pulveriza- 
tion, air injection is generally admitted to be 
the more efficient of the two systems, owing 
chiefly to the inherent and thorough mixing of 
the fuel oil and the blast air, and to the fact 
that the volume of the air and oil mixture is 
comparatively large and easy to control by 
means of relatively large holes in the nozzle. 
It carries with it, however, the one disadvantage, 
from a combustion point of view, that the blast 
air is cold and therefore has a slight cooling 
effect on the cylinder contents. This is obviously 
undesirable as it tends to interfere with the com- 
bustion process and, on that account, means 
have to be provided for regulating the quantity 
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of blast air according to the load on the engine, 
in order to minimize this cooling effect. 

Good pulverization and distribution of the 
fuel oil is more difficult to attain, and perhaps 
still more difficult to maintain for any lengthy 
period, with the solid injection system, largely 
because the volume of fuel being dealt with 
at each injection is very small, and because 
the degree of pulverization, the direction and 
distribution of the spray, are all extremely 
sensitive to any small changes in the mechanical 
conditions controlling the injection, such as 
slight choking of the holes, alterations of oil 
pressure, leakages in the pump and piping 
system, and so on. Its great attractions are 
the absence of the previously mentioned cooling 
effect, and the simplification of the engine 
mechanically by doing away with the continu- 
ously running air compressor. This latter 
advantage has, of course, nothing to do with 
pulverization, but is probably the one that has 
been the main object in view in the development 
of the system. It carries with it the further 
advantage otf slightly improving the mechanical 
efficiency of the engine. 

One important difference in the two types of 
injection should be mentioned. With air injec- 
tion the rate of entry of the fuel can be so con- 
trolled, and the ignition of the first portion of 
the spray takes place so quietly and smoothly, 
that the maximum pressure of combustion need 
not rise above the maximum pressure of com- 
pression, that is, the flat-topped indicator card 
corresponding to combustion at constant pres- 
sure is easily attained, and with it we get that 
smooth and quiet operation which is so highly 
desirable. With solid injection, however, there 
is apparently a slight delay in the ignition of the 
first portion of the spray, probably due to the 
less satisfactory pulverization of that portion, 
followed by the sudden ignition of a compara- 
tively large quantity, this resulting, of course, 
in a rapid rise in pressure in the cylinder, after 
which combustion proceeds more or less steadily 
as in the previous case. The combustion, there- 
fore, is of what is sometimes called the “ dual 
type,” because it takes place partly at constant 
volume (during the kick-up of pressure), and 
partly at constant pressure (during the steady 
combustion). From a mechanical point of view 
this kick-up of pressure is not desirable as it 
always results in higher maximum pressure and 
often in considerable noise. On the other hand, 
the thermal efficiency of such a type of combus- 
tion is superior to that at constant pressure. 


ee eee 
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STEAM CONDENSING PLANT 


By Jonn Evans, M.Enc. 


l LESSON II 
SURFACE CONDENSERS—(conid.) 


[ypes of Surface Condensers. Fig. 5 illustrates 
he shallow boat-shaped condenser (Mirrlees- 
Watson & Co.). The upper section of the tubes 
s of wide spacing, offering the least resistance 
o the incoming steam. The spacing is reduced 
owards the lower part of the condenser, the 
team having a short straight path to the con- 
lensate suction branch. The air-vapour mix- 
ure, in passing through the sectional cooling 
hamber, is considerably reduced in tempera- 
ure and volume before passing to the air 
ump. 

In the “ Contraflo”’ design, Fig. 6, the tube 
late is eccentric with the condenser shell, the 
team inlet extending two-thirds round the 
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SURFACE CONDENSER 


ondenser, and providing a large initial tube 
irface to meet the incoming steam. This 
rangement gives a maximum area of steam 
ow between the tubes, and consequent mini- 
1um resistance to flow without unduly increas- 
ig the diameter of the condenser. As the 


steam penetrates into the heart of the condenser, 
and condensation increases the relative propor- 
tion of air, the pitch of the tubes is reduced, and 
baffles, extending from one tube plate to the 
other, form wedge-shaped compartments, the 
object of which is to concentrate the air and 
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Fic. 6. SECTION THROUGH CONTRAFLO CONDENSER, 
40,000 SQ. FT. COOLING SURFACE 


incondensable gases towards the narrow outlet. 
These baffles also have the effect of sectionally 
draining the condenser, the condensate from 
one section being prevented from falling over 
the tubes of another. This feature, together 
with the localizing of the air region, which 
occupies only a small proportion of the cooling 
surface, results in a high heat transmission rate 
being maintained. Further baffles B form air 
coolers, the air being drawn off at the lowest 
possible temperature. 

The Quiggin “ Dripless ” surface condenser, 
Fig. 7, is an interesting and novel type, intro- 
ducing an important improvement in the nature 
of condensing surface employed. In the ordin- 
ary condenser, the water of condensation formed 
in the upper portion falls to the bottom, and in 
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doing so, leaves a film of water on the tubes, 
which not only lowers the rate of heat trans- 
mission through the tubes, but also cools the 
condensate. The feature of the “ dripless ” 
condenser is the tubes, which are inclined at 
about 1 in 8, and grooved at the top along their 


Longitudinal Section 


Fie. 7. 


length to within 1} in. of their ends. The ends 
are left round and secured in the tube plates 
in the usual manner. Condensate formed on 
the tubes runs along the grooves to the tube 
plate A, down which it runs to the bottom of 
the condenser, being collected at the lower end 
B. The tubes are arranged one above the other, 
in rows as shown, and the condenser shell is of 
tapering section to maintain a constant velocity 
of steam and air through the condenser. 

Air and incondensable gases are withdrawn at 
C, and are separated from the condensate, which 
does not pass as vain through the air at the 
bottom of the condenser. The grooving is uni- 
form, and sufficiently deep to allow the conden- 
sate to flow at the rate of 60 lb. per sq. ft. of 
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THE QUIGGIN ‘‘ DUPLEX ” CONDENSER 


tube surface per hour. Where the tubes are 
short, the groove is gradually deepened towards 
the circulating water outlet end. This gradu- 


ally reduces the tube area while the surface is — 
unaltered, and produces a gradually increasing 
velocity of flow of the cooling water through the 
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length of the tubes. The tapering section is 
equivalent to lengthening the tubes, and in- 
creasing the condensing surface. 

Continuous Service Condenser. 


For efficieni 
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STEAM CONDENSING PLANT 


_ steam condensation it is essential that the con- 


denser tubes should be maintained reasonably 
clean, as the presence of a film or deposit on the 
surface reduces the rate of heat transmission 
through the tubes, which is accompanied by a 
gradual falling-off of vacuum. After being in 
commission a certain period, depending in 
length on the nature of the cooling water, the 


Fic. 8. Hick, HARGREAVES CONTINUOUS 
SERVICE CONDENSER 


tubes are cleaned by one of the following 
methods— 


I. By boiling out the water side of the con- 
denser with a soda solution. 

2. By brushing the inside of the tubes with a 
wire bristled brush. 

3. By blowing rubber bullets through the 
tubes by means of compressed air. 

The cleaning process necessitates putting the 
plant out of commission for several days, and 
as this is a serious matter in generating stations 
where very large units are installed, or where 
nearly the whole of the station plant is in con- 
tinuous operation, condensers are sometimes 
installed, such that one half can be cleaned while 
the other half is in commission. Fig. 8 illus- 
trates a continuous service condenser in the 
course of manufacture. The water box is divi- 
ded by a central vertical plate A, and each of 
the end covers is in the form of two doors, 
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carried on a central hinged pin. The joint 
between one door and the condenser can be 
broken independently of the other joint between 
the adjacent door and the end of the condenser. 
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Fic. 9. WESTINGHOUSE REGENERATIVE 
CONDENSER 


There are two cooling water inlet and outlet 
branches, B and .C, and each half of the con- 
denser can be cleaned in turn without entirely 
shutting down the machine. 

Regenerative Condensers. The design of most 
condensers is such that the steam flows from top 
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Fic. 10. WEIR REGENERATIVE CONDENSER 


to bottom, the condensate being gradually 
cooled by contact with tubes near the bottom, 
and by the increasing partial air pressure. This 
cooling of the condensate below the steam 
temperature results in a lower boiler feed tem- 
perature, which is reflected in fuel cost—each 
degree drop representing approximately o-r per 
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LESSON III 
COMBUSTION OF COAL—(contd.) 


WE have seen how, when carbon dioxide is 
formed by the combustion of carbon in the 
requisite quantity of air, 12 parts by weight of 
carbon combine with 32 parts of oxygen to 
form the gas carbon dioxide. If the carbon be 
submitted to a sufficiently high temperature, 
but the amount of oxygen or air admitted be 
restricted to a certain extent, the carbon will 
still combine with oxygen, but will form another 
gaseous compound called carbon monoxide, the 
chemical formula of which is CO. The reaction 
which goes on may be shown by means of an 
equation as was done before, thus— 


2C + O, = 2CO 
24 parts + 32 parts = 56 parts. 


We see that when this particular combination 
occurs, 24 parts by weight of carbon combine 
with 32 parts of oxygen, whilst when carbon 
dioxide is formed, only 12 parts of carbon com- 
bine with 32 parts of oxygen. If it were merely 
a matter of the various weights of the different 
elements that combined which had to be con- 
sidered, the engineer would not have to worry 
particularly whichever reaction took place, but 
these reactions liberate different amounts of heat 
for the same weight of carbon. For example, 
when 1 lb. of carbon burns to carbon dioxide, the 
amount of heat liberated amounts to 14,544 
B.Th.U.’s, but when carbon monoxide is formed, 
Ilb. of carbon on combustion gives out only 
4,351 B.Th.U.’s, so that in the latter reaction 
the heat developed is only about 30 per cent 
of that which is developed when carbon dioxide 
is produced. It is obvious, therefore, that the 
engineer must carefully watch the composition 
of his flue gases to see that he is producing the 
maximum possible percentage of carbon diox- 
ide and the minimum percentage of carbon 
monoxide, if he is to get the most out of his fuel. 
Carbon monoxide is actually formed to a con- 
siderable extent in the fuel bed on the average 
boiler grate, but if the temperature be main- 
tained at a sufficiently high figure, and air be 
admitted over the fire, the carbon monoxide 
burns to form carbon dioxide, thus developing 


the full heat of combustion of the fuel. When 
the carbon in the coal first burns, it no doubt 
forms carbon dioxide. This carbon dioxide, 
passing up through the glowing fuel, combines 
with a further quantity of carbon to form the 
monoxide, thus— 


CO, + O = 2CO. 


This carbon monoxide, on coming in contact 
with a further supply of air, combines with 
more oxygen to form a fresh supply of carbon 
dioxide, thus— 


2COi=2 OF = 2603; 


The reader will therefore realize why there is 
a danger, when carrying very thick fires on the 
grates of a Lancashire boiler, for example, of 
carbon monoxide being formed, and a con- 
siderable amount of heat being wasted. The 
flues are narrow, and it may be impossible to 
admit a sufficient quantity of air to provide the 
necessary oxygen for all the carbon monoxide 
formed to burn to carbon dioxide. 

Hydrogen, which has already been mentioned 
as a constituent element in coal, also combines 
with the oxygen of the air to form water, and 
its combustion is represented thus— 


2H, + O, = 2H,O0 
4 parts + 32 parts = 36 parts. 


One Ib. of hydrogen, on combining’ with 
oxygen to form water, gives out a quantity of 
60,626 B.Th.U.’s of heat, assuming that the 
steam produced by the high temperature of 
combustion is condensed to water, i.e. that the 
latent heat of condensation is made use of. If, 
however, the steam is maintained in the vapour 
state, the heat given out is only 51,892 B.Th.U.’s, 
and this fact accounts for the difference in reports 
on the heating values of fuels. When the heat- 
ing value is determined, and the steam is assumed 
to condense to water, the value quoted is said 
to be the gross calorific value, whilst if the 
steam is supposed to be in the gaseous or vapour 
state, the heating value obtained is said to be 
the net calorific value. There has been much 
discussion amongst power plant engineers as to 
which value should be used in computing boiler 
trial figures, but the question still remains 
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unsettled. In the boiler plant, of course, the 
water produced by the combustion of the hydro- 
gen in the fuel passes out in the flue gases in the 
form of steam, and the latent heat of condensa- 
tion is not made use of. Any sulphur, whether 
in the form of compounds of sulphur with 
carbon, or in the form of brasses, when it burns 
in the air forms sulphur dioxide, a gas having 
a pungent odour. The heat liberated by the 
combustion of rlb. of sulphur to sulphur 
dioxide is 4,000 B.Th.U.’s. The reader will 
thus see how it is possible to calculate how much 
air is required for the combustion of 1 lb. of any 
fuel if we know exactly what percentages of 


carbon, hydrogen, sulphur and oxygen it con-` 
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tains. The weight of air required per lb. of 
fuel may be computed from the formula 
W = 01158 C + 0348 H — 0:04346 (O—S). 
Where y = Lb. of air per 1b. of fuel. 
= Percentage of carbon in 
ultimate analysis. 
H = Percentage of hydrogen in fuel from 
ultimate analysis. 
O = Percentage of oxygen in 
ultimate analysis. 
S = Percentage of sulphur in 
ultimate analysis. 


The weight of air will be per lb. of coal as 
fired, per Ib. of dry coal, or per lb. of combusti- 
ble, according to the basis on which the analysis 
is reported. 


fuel from 


fuel from 


fuel from 
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cent of the fuel bill—and a slight increase in 
the quantity of cooling water required. The 
feature of the regenerative condenser is that this 
temperature depression is minimized, by so 


arranging the flow of steam that it freely 


penetrates to the bottom of the condenser, the 
condensate being reheated by direct contact 
with the steam and withdrawn at the vacuum 
temperature. 

A section through the Westinghouse regenera- 
tive condenser is shown in Fig. 9, the tubes 
being arranged in concentric groups A and B 
eccentric with the condenser shell. The steam 
has free access to the bottom of the condenser, 
the flow being radial to the air outlet D. 


9—(5462) 


A large air cooling effect is obtained by the 
cold belt A, while the relative short distance 
between the steam belt F and the air suction 
D results in a very small difference in vacuum 
between the steam inlet and air suction branches. 
The condensate in falling through the warmer 
belt B, and by direct contact with steam at the 
bottom of the condenser is withdrawn at G at 
approximately vacuum temperature. 

Fig. ro illustrates the Weir regenerative con- 
denser, A and B being the first and second 
water passes, and C a clear passage of gradually 
reducing area extending to the bottom of the 
condenser, so that the exhaust steam passes 
right down to the bottom. 
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By ARNOLD Rimmer, B.ENG. 


LESSON III 
PRINCIPLES OF ACTION 


The Lenoir Engine. As previously stated, the 
Lenoir engine was the first gas engine which was 
really successful, at least from a commercial 
point of view, although, of course, its perform- 
ance, compared with modern engines, was very 
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inefficient and costly. The form of indicator 
diagram obtained from this engine is shown in 
Fig. 4, the pressures being approximate values. 

The gas and air were drawn into the cylinder 
-during the first part of the outstroke of the 


EXPANSION 
l A= Admission Valve. 


E = Exhaust Valve. 


piston and, the supply then being cut off, the 
mixture was ignited, the resulting rise of pressure 
serving to drive the piston. As the latter made 
the return stroke, the burnt gases were swept 
into the exhaust pipe. The engine was double- 
acting, explosions taking place alternately on 
either side of the piston. 

That this engine should be so inefficient, how- 
ever, is not surprising, if the following points 
are considered— 

(a) The quantity of explosive mixture drawn 
into the cylinder per stroke was only a fraction 
of the piston-swept volume. 

(b) Part of the “ working stroke ” was taken 
up in carrying out the above operation. 

(c) The pressure of the mixture at the moment — 
of ignition was only that of the atmosphere or 
even below it. i 

(d) Ignition took place when the piston was 
moving at about its maximum speed. 

The result was that the explosion pressure 
was only about 80-90 Ib. sq. in. absolute, while 
the mean effective pressure was very low, say, 
15-20 lb. sq. in. 

Beau de Rochas Cycle. The essential feature 
of the successful development of the gas engine 
may be said to be the compression of the mix- 
ture (to a pressure considerably above that of the 
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itmosphere) before ignition. Some of the early 
‘xperimenters realized this, but it remained for 
3eau de Rochas to emphasize it and other 


subsequently, the diagram is modified to that 
shown by dotted lines. 


oints. 


In the patent which he took out in 1862 the 
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ollowing principles were laid down as necessary 
or the efficient working of a gas engine— 

I. Largest possible cylinder volume with 
mallest circumferential surface. 

2. Maximum speed of working. 

3. Greatest possible expansion. 

4. Highest pressure at the beginning of 
xpansion. The cycle suggested was to consist 
f four consecutive strokes as follows— 


Usual Name 
of Stroke. 


Inlet 
Valve. 


Exhaust 


- Piston. Valva 


Action. 


Outstroke | Suction Open Closed | Mixture of gas and 
air drawn into 
cylinder at or near 
atmospheric pres- 
sure. 

The “‘ charge ” com- 


pressed into“ clear- 


Instroke | Compression | Closed Closed 
ance space.” 
Ignition of com- 
pressed charge at 
or near the dead 
centre with subse- 
quent expansion of 
the burning gases. 
This is the ‘ work- 
ing stroke.” 
Discharge of burnt 
products of com- 
bustion at or near 
atmospheric pres- 
sure. 


Outstroke | Expansion | Closed Closed 


Instroke | Exhaust Closed Open 


The above four strokes are illustrated in 
iagrammatic form in Fig. 5. 

This cycle was first put into practical effect 
1 the engine constructed by Dr. Otto in 1876, 
nd hence is generally known as the “ Otto ” 
ycle. The form of indicator diagram theoreti- 
ally obtainable is shown in Fig. 6. In practice, 
wing to certain causes which will be considered 


The obvious improvements on the Lenoir 
engine are— 
(a) The maximum amount of working mix- 


Fig. 7. Two-Stroke ENGINE DIAGRAMMATIC 
ARRANGEMENT 


ture is taken into the cylinder (ie. the full 
piston-swept volume). 

(b) The drawing in of the charge takes place 
previous to the working stroke. 

(c) The mixture when fired is already at a 
pressure considerably in excess of that of the 


- atmosphere. 


(d) Ignition takes place when the piston is 
practically stationary, thus allowing full advan- 
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tage to be taken of the development of pressure, 
while the cooling surface in contact with the 
burning gases is a minimum. 

Two-stroke Cycle. Reference has already 
been made to the engine produced by Mr. 
Dugald Clerk in 1882, which was the first 
practical engine to combine compression of the 
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By R. G. Batson, A.K.C., M.Inst.C.E., M.1.Mecu.E. 


LESSON I 
GENERAL CONSIDERATIONS 


BEFORE considering the methods employed and 
the results obtained in the testing of materials, 
it is necessary to have a clear idea of the reasons 
for which those results are required. 

The principal basis of modern design of 
machines and structures is the ultimate cost. 
In order to keep this cost as low as possible, 
consistent with sufficient durability, the mate- 
rials employed have to be used to their best 
advantage. 

The relative importance of the many proper- 
ties of a material depend upon numerous cir- 
cumstances, all of which have to be taken into 
consideration. For instance, for airship con- 
struction, weight is a primary factor, and it is 
found that some types of aluminium and magne- 
sium alloys, although more costly than mild 
steel, give almost the same strength with a 
considerable reduction of weight. Again, for 
certain parts of machinery, strength at high 
temperatures is the all important factor. It 
has been found that some alloys of nickel and 
copper or nickel and chromium give better 
results at temperatures of, say, 800°C. than 
alloy steels, but here again they are more 
expensive. It is evident, therefore, that the 
designer requires a knowledge of all the physical 
and mechanical properties of the materials with 
which he has to deal. It is the duty of the 
testing engineer or the scientist to supply these 
requirements. 

Having designed his machine and specified 
the materials of which the various parts are to 
be made, it is next essential that the materials 
used shall be according to the specification. The 
determination of some of the constants of the 
material (e.g. modulus of elasticity, limiting 
fatigue stress, etc.) can only be obtained by a 
skilled observer after a lengthy series of obser- 
vations. In order to check the properties of 
the materials supplied for the machine (or struc- 
ture) under construction it is necessary to have 
tests which can be carried out quickly. The 
results of these tests do not always give the 
value for a certain definite physical property of 
the material, but supply an arbitrary basis for 


comparison. Such specification or inspection 
tests must be carried out by the testing engineer. 

In order to assist industry, the British Engin- 
eering Standards Association have drawn up 
specifications embodying suitable tests for vari- 
ous materials. These B.E.S.A. specifications 
tell the user what he can specify with a reason- 
able hope of being satisfied, and also enable the 
manufacturer to limit his stock to suitable 
dimensions to meet all reasonable requirements. 

There is a still further object for mechanical 
testing. So far we have dealt with it in relation 
to construction. Failures frequently occur after 
the machine is made andin use. Did the failure 
occur due to bad design or faulty material ? 
The services of the testing engineer are required 
to answer this question and, in order to do so, 
tests which are not required for design or 
specification purposes, may have to be employed. 


PROPERTIES OF MATERIALS 


The principal mechanical properties of mate- 
rials are: strength, ductility, toughness, hardness, 
and rigidity. For the majority of specifications 
the tests required are limited to strength and 
ductility. Toughness and hardness are some- 
times required, but the rigidity of the material — 
is seldom specified although the information is 
constantly required by the designer. 


STRENGTH OF MATERIALS 


The criterion of strength of the material 
employed depends to a large extent upon the 
kind of loading which is applied. It is only 
in a very few cases that the material is subjected 
to a steady load, and even with a steady load 
that load may be direct tensile, direct compres- 
sion, ora combination of these, such as bending 
or torsion. f 

For specifications, the ultimate or breaking — 
strength is taken, although in the majority of 
cases the material is unsuitable for its purpose 
if its limit of elasticity is passed. In most cases — 
the load is a repeated or alternating one, such as" 
with connecting rods, bridge members, motor-car 
axles, and springs, etc. In these cases the 
criterion of strength is the limiting fatigue 
range, i.e. the maximum range of stress whic 
can be applied to the material between certai 
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minimum and maximum limits without the 
material failing after millions of applications. 
These limiting ranges bear an approximate 
relationship (within fairly wide limits) to the 
altimate tensile strength so that, here again, the 
atter is used for specifications. 


DUCTILITY 


It is important, for some purposes, that the 
naterial should be able to deform permanently 
without failure. Ductility is commonly mea- 
sured by the elongation and the reduction of 
he cross-sectional area of a tensile test piece. 

In many processes of manufacture cold bend- 
ng is necessary, for this reason various kinds of 
vend tests have been devised. With thin sheet 
netals and wires the elongation in a tensile test 
s difficult to measure or the results obtained are 
ypen to suspicion, so that various special forms 
of ductility test are employed in these cases, 
uch as cupping tests, twisting or wrapping 
ests. These tests are usually particularly 
susceptible to small changes in the conditions 
employed, they only give comparative results, 
ind care has to be taken to ensure that the 
esults are really comparative. 


TOUGHNESS 


The generally accepted idea of toughness is 
uigh resistance to dynamic or impact forces. 


à material which breaks readily when it is 


truck is said to be brittle. 

Brittleness is emphasized by the stress, due 
o the blow, being concentrated at a notch. It 
ias been found that with two given materials 
oth may readily stand being bent when in the 
orm of plain bars, but if they are notched one 
vill bend while the other will break off short. 
This difference is, in many cases, due to faulty 
nechanical or heat treatment, and notch-bar 
esting is sometimes employed as a check in 
hose processes. 

Notched-bar testing has formed the subject of 
lumerous researches, but the method of test has 
low been standardized by the British Engineer- 
ng Standards Association. 


HARDNESS 


Granite is considered to be hard because it 
vears well, the hardness of a machine tool is 
ts ability to cut other materials, but the gener- 
lly accepted standard of hardness is based on 
esistance to indentation. It does not, how- 
ver, follow of necessity that this basis applies 
o all conceptions of hardness. For example, it 
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is well known that manganese steel is extremely 
difficult and, in many cases, impossible to 
machine with the ordinary machine tools, 
although its resistance to indentation is low 
when compared with that of the tools employed. 

The usual test for hardness is the Brinell ball 
test (or one of its modifications). This test has 
also been standardized by the British Engineer- 
ing Standards Association. 


RIGIDITY AND ELASTICITY 


Rigidity is closely connected with elasticity. 
Before, however, this connection can be 
explained, it is necessary to understand the 
relationship between stress and strain. When 
a load is applied to a member of a structure, 
an alteration of dimensions is produced. This 
alteration (per unit dimension) is called the 
strain. The material of which the structure- is 
composed resists this strain, and this resistance 
to change of form is called the stress. The 
smallest loads will produce alterations in the 
dimensions of a structure, and no material is 
therefore perfectly rigid. 

Up to a certain load the strains are elastic, 
that is to say, when the load is removed the 
material returns to its original dimensions. The 
elastic limit is the intensity of stress above which 
the material ceases to be elastic and becomes 
permanently deformed. 

Robert Hooke showed that, within certain 
limits, the intensity of stress was proportional 
to the strain. The intensity of stress at which 
this proportionality ceases is called the limit of 
proportionality. In many materials this limit 
is identical with the elastic limit, but the differ- 
ence between the two terms should be clearly 
understood. 

It follows that within the limit of proportion- 
ality the ratio of stress to strain is constant, and 
this constant is called the modulus of elasticity. 


Thus, if f = the intensity of stress 
e = the strain 


then 2 = constant = modulus of elasticity. 


The kind of stress and strain which exists in 
any part of a structure or machine depends upon 
the direction and arrangement of the external 
forces. We may have tensile, compressive, or 
tangential stresses with their corresponding 
strains. 

The elastic limit may vary considerably with 
different materials, although the modulus of 
elasticity is sensibly the same. Two materials 
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with the same modulus of elasticity may have 
their elastic limits in the ratio of one to two. If 
the designer of a structure therefore wishes to 
save weight of metal he can use a smaller sec- 
tion of the material with the higher elastic 
limit, and subject that material to double the 
stress without permanent deformation. At the 


ENGINEERING EDUCATOR 


same time, however, he will have double the — 


elastic strain. Thus, although the structure — 
will be safe as regards stress, it will only be half 
as rigid. As rigidity is an important considera- 
tion in many machines, a knowledge of the 
elastic properties of materials is of great 
importance to the designer. i 
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charge with an explosion every revolution. 
Several varieties of this “ two-stroke ” engine 
were afterwards invented, though the expiration 
of the Otto patents caused the manufacture of 
most of them to cease. Probably the best 
modern examples are the Kérting and the 
Oechelhauser engines, both of which originated 
in Germany. 

As will be seen from the diagrammatic arrange- 
ment shown in Fig. 7, the essential feature of 
the two-stroke cycle engine is that the exhaust 
takes place through a ring of ports at the front 
end of the cylinder, which are uncovered by the 
piston in its outermost position. 

In addition, gas and air pumps (separate or 
combined) are provided, which cause the mix- 
ture to flow into the cylinder under a pressure 
of, say, 5 lb. sq. in. above that of the atmosphere. 
This takes place as the piston starts to move 
inwards. When the ring of exhaust ports is 
again covered by the piston, the inlet valve is 
also closed, and the mixture now filling the cylin- 
der is compressed. At the inner dead centre the 
mixture is ignited, and the piston is forced out- 
wards again. Exhaust takes place as soon as 
the ports are uncovered, and then a fresh charge 
flows in as the piston moves inwards again, and 
the cycle is repeated. As will be seen from 


Fig. 8, the indicator diagram is very similar to — 
that obtained from the four-stroke cycle engine 

(Fig. 6), the main difference being that release ~ 
to exhaust takes place earlier. 

There is comparatively little difference in the 
actual size, weight, and cost of engines of the 
two types, of equal bore and stroke, although, 
of course, running at the same speed the two- 
stroke engine will develop double the power of 
the other. The two-stroke engine has the 
simpler valve gear (in some cases admission of — 
the charge also takes place through ports 
uncovered by the piston), but the increase 
“ fluid friction,” caused by the charging pumps, 
etc., lowers the mechanical efficiency. The 
turning moment, however, is more even, and so 
a lighter fly-wheel will give the same “ coefficient 
of fluctuation ” of speed. There is, of course, 


introduced into the cylinder. 
ing, higher compression pressures can be use 
on the four-stroke engine (owing to the cooling 
of the cylinder during the intermediate strokes) 
and so the thermal efficiency of the two-stroke 
engine is somewhat lower than that of one 
working on the four-stroke cycle. 
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By Owen A. Price, M.I.Mecu.E. 


LESSON III 
GENERAL DESIGN 


THE points to be observed in designing all 
reciprocating pumps will now be discussed with 
special reference to a simple single-acting com- 
mercial pump, Fig. 11, of normal proportions. 
Air Pockets. The water passages from inlet 
branch to outlet branch, and particularly those 
connecting the working barrel to the suction 
and delivery valves, must be as free and direct 


as high a vacuum as possible. A rough rule is 
to ensure that the clearance volume is less than 
the actual displacement of the plunger. In 
certain forms of quick revolution or “ express ” 
pump, large clearances are unavoidable in order 
to reduce the water velocities and provide 
relatively large volumes of cushioning water for 
absorbing the inertia changes, due to the rapid 
reciprocations of the plunger. Such pumps, 
however, will not pick up their own water from 
a reasonable suction depth, and require to be 
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as possible. All spaces likely to act as atr traps 
must be studiously avoided, and the design 
should permit of the ready exit of any air which 
may work into the pump during operation, or 
which may be present when first starting the 
pump after installation or after dismantling for 
examination and repairs. An air pocket may 
prevent working altogether, or may produce 
erratic discharge or knocking noises within the 
pump. Examples of faulty design, in this 
respect, are very common in published works, 
two examples of errors to be avoided are shown 
in Figs. 12 and 13. 

Clearance. Generally speaking, the clearance 
volume should be reduced to the minimum 
possible in order to allow the pump to deal with 
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charged before they will commence to deliver. 
In Fig. 11, a good compromise has been made 
between (Ir) the minimum clearance; (2) the 
shortest and widest passage between working 
barrel and pump valves; (3) the most direct 
route between suction and delivery valves, and 
(4) the minimum passage length from inlet 
branch to outlet branch. 

Water Passages. In high pressure pumps it 
is necessary to reduce all chamber sizes to the 
minimum dimensions, in order to reduce the 
loading on the material and so allow the use of 
thinner walls. This procedure has led to 
placing the pump valves in separate chambers, 
termed “ valve pots,’ and, bolting these, if 
necessary by short pipe connections, to the 
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pump barrel. Such pipe connections must 
always be straight pipes if possible, or easy 
bends of radius at least equal to the diameter 
of the pipe, though, preferably twice the pipe 
diameter. Elbows or sharp corners must never 
be used in a pump, and where a change of shape 
or area is unavoidable this must be carried out 
as gradually as possible; all sharp corners, 
sudden enlargements, or sudden contractions are 
seriously detrimental to the behaviour of the 
pump. 

Ratio of Piston Diameter to Length of Stroke. 
The length of stroke should always be as 
great as possible, but the actual ratio of dia- 
meter to stroke is a matter of compromise with 
other considerations. The “ end points,” or the 
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conditions on the two sides of the piston are — 


reversed, and the stress on the piston rod is 
converted to a compressive force. As water is 
practically incompressible, shock occurs against 
the two solid columns of water on the respec- 
tive sides of the piston ; a pressure shock on the 
one side, and a vacuum or cavitation shock on 
the other side. The delivery and suction valves 
previously open now drop on their seats, allow- 
ing some of the water in the vicinity and imme- 
diately below the valve to slip to the chamber or 
pipe beneath, and the respectively opposite 
delivery and suction valves are forced to open. 
These valve movements should be simultaneous, 
but it is found that the suction valves are fre- 
quently the last to close so that an appreciable 
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reversals of motion of the piston, are the ineffi- 
cient portions of every stroke, and the greater 
the number of reversals necessary to deliver a 
given quantity of water the lower will be the 
efficiency of the pump. The loss of efficiency at 
the stroke ends is due to two causes, viz., 
“slip” at the valves, and “ water shock ” in 
the working barrel. 

To visualize these conditions, consider a 
double-acting piston pump, such as Fig. 5, 
approaching the end of its “ out stroke.” The 
full delivery pressure exists on the front side of 
the piston, and the vacuum due to suction on 
the rear, thus putting the piston rod in tension. 
The suction valves to the rear of the piston and 
the delivery valves to the front of the piston 
. are opened and the ports, under the lifted valves, 
are filled with water when the piston comes to 
rest and recommences movement in the opposite 
direction. More or less suddenly (dependent 
upon the method of driving) the pressure 


amount of the pressure water slips back to the 


suction pipe. 

The effect of the reversal as registered by an 
indicator diagram has been shown by the peaks 
at O and R on Fig. 10. As both slip and water 
shock represent losses of power they must be 
reduced to a minimum, and one way of doing this 
is to design the pump with a relatively long 
stroke, thus obtaining the maximum pumping 
motion with the minimum number of reciproca- 
tions. 

A long-stroke pump would be one in which the 
stroke was from 2 to 24 or more times the bore ; 
in a normal pump the stroke would be about 
equal to, or some 50 per cent greater than the 
bore, whilst. with a short-stroke pump the 
stroke would be less than the bore, or even as 
small as one-half to one-quarter of the bore. 

Mean Piston Speed and Revolutions per Minute. 
The mean piston speed is usually expressed in 
feet per minute, and is the total distance 
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travelled by the piston in one minute regardless 
of variations in speed ; it is therefore given by 
(twice the length of stroke in feet) x (the 
number of revolutions per minute). 

In practice, the mean piston speed ranges 
from about 20 ft. per minute for high-pressure 
hydraulic service pumps to about 250 to 350 ft. 
per minute on long-stroke large size pumps for 
moderate heads. In rare cases, speeds as 
high as 400 ft. to 600 ft. per minute have been 
employed successfully, and experiments are on 
record in which the piston speed exceeded 
goo ft. per minute. As a general rule, it will be 
found that for ordinary commercial pumps 


dealing with heads not exceeding 1,000 ft., the ` 


mean piston speeds, though averaging roo ft. 
per minute, will vary between 50 and 60 ft. on 
small pumps to 120 ft. per minute on large sizes, 
with a corresponding number of revolutions from 
oo per minute on quite small sizes to 20 or 
less per minute on the larger sizes. For large 
waterworks pumps 200 to 250 ft. per minute is 
quite usual, and for so-called high-speed pumps 
of large size and long stroke mean piston speeds 
of 300 to 500 ft. per minute have been success- 
fully adopted. 

The volume of water delivered by a pump is 
a direct multiple of the mean piston speed, and 
therefore every endeavour is made to utilize as 
high a speed as possible in order to obtain the 
maximum practicable output from a given size 


of pump. The best piston speed for any design: 


is determined, however, from other considera- 
tions, such as the maximum velocity permissible 
through the suction or the delivery valves, or 
the risk of the water failing to follow the piston 
during the suction stroke and thereby causing 
“ cavitation ” and water hammer in the pump. 
These points will be discussed later ` when 
dealing with pump valves, and with the 
maximum permissible suction head for a given 
pump. : 

Where other velocities, dependent upon the 
piston speed, are concerned, it must be noted 
that the mean piston speed is considerably less 
than the maximum piston speed. Experi- 
ments on several sizes of crankless direct-driven 


CONSTRUCTION AND MAINTENANCE 


129 


duplex steam pumps indicate that the actual 
velocity of the piston at mid-stroke is from 
2 to 274 times as great as the mean piston speed. 
With crank-driven pumps rotated at a uniform 
rate, the piston movement is practically an 
harmonic motion, so that the maximum piston 


oa A 
speed is — or 1-57 times as great as the mean 


piston speed. 

Accessibility to Pump Valves. The vital 
details in a pump are the valves, and inspection 
doors must always be arranged to give easy 
access to the valves. In Fig. rr an end cover 
exposes the whole working barrel of the pump, 
including the suction valve, and by removing 
the air vessel the delivery valve is easily reached. 
This makes quite a simple arrangement for a 
small pump and allows of proper inspection 
without breaking any pipe joints. 

Castings. A reciprocating pump is a machine 
whose duty it is to resist incessantly repeated 
pressure pulsations and alternating stresses, 
each of which causes a shock force in the 
material. It is, therefore, impossible to exagger- 
ate the importance of avoiding casting strains 
by providing uniformity of thickness of metal 
throughout all castings, and making smooth 
contours everywhere, free from sharp corners, 
angles, and lumpy places likely to result in 
local concentration of stress. These precau- 
tions are of even greater importance with steel 
castings, on account of the increased contrac- 
tion during cooling and the more exacting duty 
for which steel is used. 

An exceedingly troublesome experience with 
high-pressure pumps when working at water 
pressures of over 1,000 lb. per sq. in., is that 
the castings (generally steel) will last for a 
couple of years and then suddenly fail, although 
there may have been no change in the pumping 
duty. It is usually found that the metal has 
crystallized under the repeated pounding of the 
plungers and the alternating stresses in the 
material. This severe action can be mitigated, 
though perhaps not altogether avoided by 
extreme care in design. 
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GEARING 


By Henry E. MERRITT, M.Sc. 


LESSON III 


THE PRODUCTION OF SPUR 
GEAR TEETH 


The Formed Cutter. With the realization of the 
inaccuracies of cast gears, and the limited selec- 
tion of materials available for the process, the 
machining of gear teeth was early undertaken. 
Amongst the first processes employed was the 
use of the formed cutter. This is in the form 
of a rotary milling cutter, shaped to conform 
to the profile of a space between the teeth, as 
shown in Fig. 16. Owing to the simplicity of 
the machine required, this process became very 
popular and is still in use. It suffers, however, 
from the disadvantages not only of being slow, 
but also of requiring a special cutter for every 


FORMATION OF SPUR TEETH BY 
ROTARY CUTTER 
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size of gear to be cut. Actually, each cutter 
is designed to cover a range, but cannot be 
correct over the whole of the range. 

The End-mill Process. A process similar in 
principle to the above, but using a cutter of 
different form, is the end-mill process, repre- 
sented in Fig. 17. Although capable of cutting 
spur gears, however, this process is in practice 
used only for the cutting of teeth of double 
helical form. It is open to the same objections 
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as the formed cutter process, but has an advan- 
tage in that for gears of large pitch the cutters 
are less expensive than other forms. 

Generation. The term “generation” is 
applied to those methods of gear production in 
which the gear blank is operated upon by a 


| a | 
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FIG. 17. FORMATION OF TEETH 
BY END-MILL 


cutter of a form corresponding to a toothed gear. 
This cutter may take the form of a rack, a 
pinion, or a spiral gear. 

The Rack Generating Process. In this process 
a cutter is made in the form of a section of 
rack. As shown in the previous lesson, the rac 
of the involute system has straight sides, so tha 
the accurate manufacture of such a cutter is a 
relatively easy matter. A cutter of this kind 
can in fact be ground all over after hardening, 
thereby removing the effects of the inevitable 
distortion ; furthermore, even after resharpen- 
ing no change of shape occurs. 

The cutter is mounted in a head which recipro- 
cates in a direction parallel to the teeth to be 
cut, and at the same time is advanced in the 
direction of its pitch line, as shown in Fig. 18. 
Simultaneously, the blank into which it is 
fed is rotated to correspond with the motion 
which a complete gear would have if meshing 
with the rack represented by the cutter. Th 
cutter thus generates the profiles of the tee 
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acted upon, and the profiles so produced are of 
correct involute form. After the cutter has 
moved a distance equal to one pitch it is returned 


Position 2. 


Position 4, 


Tic. 18. GENERATION OF SPUR TEETH BY RACK 
CUTTER 


to its starting place, the blank meanwhile 
remaining stationary and the motions are then 
repeated until every tooth is completed. This 
process is known as the “ Sunderland ” process, 
and in Fig. 19 is shown a group of machines 
(built by Messrs. Ernest Parkinson & Sons, 
Ltd.) operating on this principle. 

Since all involute gears of the same pressure 
angle and tooth proportions are interchangeable, 
they will all mesh correctly with, or may be pro- 
duced by, the rack of the system. One cutter 
only, therefore, serves to cut any gear of a 
given pitch, whatever the number of teeth. 


Fic. 19. SPUR AND SPIRAL GEAR GENERATORS 


The Gear Shaper Process of Generation. 
Instead of being of rack-shape, the cutter may 
have the form of a pinion, for if the pinion has 
teeth of involute form it will correctly generate 
an interchangeable: system. As in the case of 
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the Sunderland process, the cutter reciprocates 
in the direction of the teeth to be cut, but the 
blank and cutter also rotate in unison, according 
to the number of teeth on each, so that the 
correct relative rolling movement is obtained. 

A typical generating cutter of this type, to 
an improved design recently evolved by Messrs. 
David Brown & Sons (Huddersfield), Ltd., is 
shown in Fig. 20. One of the features of the 
involute gear is that it can be operated satisfac- 
torily at varying centre distances, and by taking 
advantage of this it is possible to grind the cutter 
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Fic. 20. PINION-TYPE GEAR SHAPER CUTTER 
all over by a generating process. Although the 
form of the cutter teeth changes, a constant 
form of tooth on any given gear can be generated. 
A DBS gear generating machine oper- 
ating on this principle 1s shown in Fig. 
2il 

The Hobbing Process. The basis of 
this process is the use of a tool termed 
a “hob,” which is virtually a spiral 
gear provided with cutting edges. Such 
a hob is shown in Fig. 22. In making 
a tool of this kind it is first made in the 
form of a spiral gear. Flutes or gases 
are then cut at right angles to the 
threads to provide cutting edges, and 
these edges are “ relieved”’ or “ backed 
off ” to enable them to cut efficiently. 
After hardening, the cutting teeth are 
ground all over to eliminate distortion, 
and to provide a smooth keen cutting edge. The 
operation of a hob is a little more difficult to 
follow than the action of either the rack or gear- 
shaper cutters. The relative positions of the 
work and hob spindles being adjusted, they are 


132 


caused to rotate at suitable speeds and the hob 
is fed across the face of the blank, thereby 


FIG. 21, GEAR GENERATING MACHINE 
(David Brown & Sons, Ltd., Huddersfield) 


generating the teeth. The relative motions of 
the hob and the work are compounded of two 


GROUND HOB FOR THE GENERATION 
OF SPUR AND HELICAL GEARS 


FIG. 22. 
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sets of movements ; firstly, a relative rotation 
in proportion to the numbers of teeth, and 
secondly, an additional motion corresponding 
to that which the hob would receive if rolled 
across the stationary blank. These motions 
are provided by a differential mechanism and 
suitable gear trains. 

The hobbing process does not leave so perfect 
a tooth surface as the rack and gear shaper 
processes, but has other advantages which make 
it well adapted to certain classes of work. The 
chief of these advantages lies in the large num- 
ber of cutting edges, which enables the hob to 
retain its keenness while cutting very large 
gears. The action of ‘cutting is also continuous, 
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FIG. 23. HOBBING A SPUR GEAR 


thereby obviating shocks and vibrations due 


to rapid reversal of the direction of moving 


parts. 

Gear Grinding. The teeth of spur gears may 
be ground after hardening by either of two 
general types of process—the formed-wheel pro- 
cess (which corresponds to the formed milling 
cutter process) and the generating process. 
According to the latter process, the gear blank 
is rolled past a flat-sided abrasive wheel, the 
surface of which corresponds to the side of the 
involute rack, and the generating action is 
similar in principle to the rack-cutter process. 

The generating process has an advantage in 
that the abrasive wheel is more readily trued to 
the correct form. 
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By W. G. DuNKLEY, B.Sc. 


LESSON III 


MEANING OF THE RELATION 
BETWEEN THE BELT 
TENSIONS ILLUSTRATED 


IN this lesson we propose to study more fully 


the meaning of the relation — = e or 


t 


T 
log 7“ In Lesson lI 
we learnt that it expresses the relation between 
T and ¢ when the belt would begin to slip over 
the pulley, and we learnt how to find the value 


05007578 XTU X (OL. 


ir 
of Pe for given values of u and the angle of lap. 


Now give very close attention to the following 
illustration and study over the explanation till 
you thoroughly understand its meaning, because 
this is the foundation on which an intelligent 
appreciation of belting problems may be built. 
Now we must assume that you have some know- 
ledge of mechanics, and that you know the 
meaning of such expressions as torque, etc. 

Simple Practical Illustration. Referring to 
Fig. 5, we have illustrated a belt-driven pulley 
driving a machine. When a belt drives a pulley 
it has to overcome the resistance offered by the 
driven machinery. We have here taken a very 
simple illustration. The belt pulley is being 
used to lift a weight W by winding the rope on 
to a drum of radius 7. Now the weight W 
exerts a resisting moment or torque on the pulley 
shaft equal to W x r, and before the pulley can 
turn the shaft or drum, the frictional grip 
between the belt and the pulley must be such 
that it will produce the same turning moment 
on the pulley. In other words, the frictional 
grip, say F, on the pulley of radius R, must 
be such that 
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Now what we are to study is how to produce 
this necessary frictional grip, and to see what 
conditions must be satisfied. Now the tension 
é on the slack side is tending to turn the pulley 
one way, and the tension T on the driving side 
is tending to turn the pulley the opposite way. 


SLACK SIDE 


We want to turn the pulley in the direction 
indicated by the arrow, therefore T must be 
greater than ?. In order to lift the weight 


(1 x R)—(@ x R) = (7T=2)R mustequal W x +. 


This is one necessary condition, but not a 


y } 


FIG. 5 


sufficient condition as we shall see. Suppose 
the value of ¢ is constant, and that we start 
with T having the same value as ¢. There is 
then no turning moment on the pulley. Now 
begin to increase the value of T very gradually. 
We have now a turning moment on the pulley, 
but the pulley cannot, of course, turn till we 
have a turning moment sufficient to lift the 
weight W. However, we go on increasing the 
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pull 7, expecting to arrive at a pull which will 
lift the weight, when suddenly before we reach 
this value the belt slips over the pulley. What 
has happened? We have reached a value of 
T, such that its relation to ¢ is sufficient to 
overcome the frictional resistance to slipping, 


5 T 
in other words, a has become equal to e“® , 


So we see now that our permissible value of 
T is limited, and its limitation is governed by 


SANES i 
the expression T= el), and we are now begin- 


ning to understand somewhat the importance 
of this relation. Get hold of the fact that this 
relation tells you when slipping starts. To 
return now to our machine. Our belt has 
slipped before it will lift the weight, and we 
have to find the remedy. Now clearly, if we 
can increase the ratio between T and ¢ at which 
slipping will occur, we can go on adding to our 
previous value of T at which the belt suddenly 
slipped. Now let us make the explanation 
more definite by taking some simple figures. 
Suppose the weight W = 1,000 lb., the radius y 
of the drum = 5 in., and the radius R of the 
pulley = 20 in. Then, in order to lift the weight, 
the frictional grip on the pulley must produce 
a torque, I,000 X 5 = 5,000 lb.-in. 

EXAMPLE 2. Now let the initial tension be 
100 lb., say. Let the angle of lap be 150°, and 
suppose we take u = 0:35. We must now find 
the ratio of T permissible before slipping occurs. 

From Lesson II, using expression (3), we have 


T 
log | = 0007578 X u X a 
= 0007578 X 0:35 X 150. 
Evaluating this as previously shown, we find 


T 2°50 


Now this means that when the driving tension 
T is 2:50 times the slack side tension ¢, the belt 
will slip. Now we assumed ¢ = roo, and there- 
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fore the belt will slip on the pulley when T = 
2'5 X 100 = 250 lb. This is, therefore, the 
maximum value T may have under the assumed 
conditions. The maximum torque the belt can 
produce on the pulley is therefore (250-100) X 
20 = 3,000 lb. in. Under the above conditions 
the belt would slip before it raised the load. 

EXAMPLE 3. Now let us see what happens 
when we take a different value for u. Suppose 
we take u = 0'5. 


T 
Then log 7 ~= 0:007578 X 0'5 X 150 


T 
we find that 7p = 379. 


We may now increase T to 37 X t= 37 X 
100 = 370 lb. before the belt will slip. 

The maximum torque the belt can produce is 
now therefore (370-100) x 20 = 5,400 lb. in. 
This belt would therefore lift a load of 5,400 + 
5 = 1,080 lb., and so would just about do the 
work required. 

Now we have no definite control over the 
value of u. The above example merely illus- 
trates how the value of u affects the slipping 
conditions. We shall later give some guidance | | 
as to the value of u which may reasonably be 
assumed, ) 

EXAMPLE 4. Let us now see what effect a i 
change in the angle of lap produces. Keeping 
u = 0°35, let us change the angle of lap to 
210°. 


pe 


p 


IE 
Then z= 0:007578 X 0:35 X 210 


T 
and Bo 3:61. 


Therefore T may have a value of 361 lb. 
before the belt slips, giving a maximum belt 
torque of (361-100) x 20 = 5,220 lb. in., which 
is again sufficient to lift the load. 


Stupy. If u = 0-4, angle of lap 165°, would the 
belt slip before it lifted the load ? Ans. Yes. 

At what angle of lap would the belt lift the load ? 
Ans. 180°. 
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By J. McLAcHLAN and C. A. OTTO 


LESSON III 


GREEN SAND, DRY SAND, AND 
LOAM MOULDING 


MOULDING may be divided into three distinct 
lasses: green sand, dry sand, and loam mould- 
ng. Each class has its own particular charac- 
eristics, which depend, to a certain extent, 


upon. the condition of the sand when used, and ~ 


ulso upon the time necessary for its preparation 
o receive the molten metal. Any one of these 
lifferent classes, or combination of two, is 
employed in the formation of moulds necessary 
or the wide variety of castings produced. 

Some foundries make a speciality of green 
sand moulding to the exclusion of other classes ; 
some do not make any moulds in green sand, all 
he work, apart from tackle used in the making 
of a mould, being done in dry sand and loam, 
while in others, known as general or jobbing 
oundries, the work embraces all the different 
lasses of moulding. 

Green Sand Moulding. The expression “ green 
and,” as applied to a form of moulding, means 
hat the sand contains its natural moisture, or 


las sufficient water added to render it workable, - 


ind moulds prepared from it receive the molten 
netal while it is still in a damp condition. It 
s a weak sand, low in clayey matter or bond, and 
t is not capable of retaining the form given to 
t when the moisture has evaporated, hence, 
while it depends upon the moisture for giving 
he amount of plasticity, without which the 
lesired impression could not be made, it is 
-qually as essential at the time of casting to 
sive the sand strength to resist the rush and 
mressure of the metal. 

A sand mixture, strong in bond, cannot be 
ised satisfactorily for green sand moulding, the 
idditional clayey matter and the moisture 
educing the pore space between the sand grains, 
which prevents the metal lying against the 
noulds so constituted, causing them to “ blow,” 
he steam and gases generated at the time of 
casting not being able to escape through the 
and quickly enough. 

This class of moulding is employed, in a 
greater or less degree, for all metals and alloys 
ommon to the foundry, although it is necessary 


to grade the fineness and composition of the 
sand according to the metal and character of 
the casting for which it is to be used. 

The most important advantage possessed by 
moulding in green sand is its relative cheapness 
combined with rapidity of production. Metal 
can be cast directly the moulds are completed, 
assembled, and clamped. 

Greater risk is attached to the making of 
sound castings by this method, and the degree 
of risk is increased in proportion to the size and 
intricacy of the casting to be made. Though a 
better defined shape is generally obtained in a 
green sand mould, the surface produced on the 
castings is inferior to that obtained from moulds 
that are dried. 

Dry Sand Moulding. In this class of moulding 
the sand is used in a somewhat similar condition 
to that suitable for green sand moulds, but it is 
dried preparatory to receiving the molten metal. 
It is a strong sand, containing more clayey 
matter that green sand, in order that moulds 
made from it will have more stability when 
dried. The increase in the proportion of clay 
closes the texture of the sand and reduces its 
permeability, and for this reason all moisture 
must be removed, not only to reduce the amount 
of gas generated, but to open the pores of the 
sand. A damp sand is less permeable than a 
dry sand, other things being equal, because 
much of the pore space is occupied by the 
moisture. The difference in the strength of the 
sands used is a most important distinction 
between green sand and dry sand moulding. The 
former is open in texture and is weak in bond, 
and the moisture is essential to give it body or 
strength, otherwise it would crumble and 
collapse before the molten metal, whereas strong 
sands are close in texture, and must have all 
moisture driven from them, so that gases gener- 
ated at the time of casting will escape more 
readily without injuring the surface of the metal. 

Dry sand moulds are used in preference to 
green sand when the additional cost of prepara- 
tion and drying is compensated by a reduction 
of bad castings, such as might be expected if 
green sand is used. They are more generally 
associated with medium and large sized work. 

Loam Moulding. This class of moulding 
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differs considerably from those already referred 
to. Though the mould surface, when completed, 
is similar to that of a dry sand mould, the con- 
dition of the sand and loam when used, the 
method of application, and the construction of 
moulds is very different. The loam has a con- 
sistency resembling that of plaster, it being used 
stiff or thinned with water as circumstances 
warrant. Bricks are involved in the building 
of loam moulds, and cast-iron plates introduced 
to support them and to give facilities for lifting. 
The moulds, when completed, are dried. The 
loam used is really a strong sand, having a 
greater percentage of clayey matter than a dry 
sand mixture. It is used in a wet state, and 
therefore is more plastic than either green or 
dry sand mixtures. Because of the greater 
amount of bond in loam mixtures it is necessary 
to use openers which open the texture and make 
‘the loam more porous. Carbonaceous materials 
like chopped straw, horse-dung or manure, cow- 
hair, sawdust, and sometimes ground coke, are 
added to a mixture for this purpose. The 
increased plasticity of loam facilitates the pre- 
paration of certain types of moulds with the 
minimum of pattern-work; shapes can be 
found by means of sweeps or boards having a 
profiled edge corresponding to the work required. 
Thus, owing to the fact that, with loam, a 
pattern can be wholly, or to a very great extent, 
dispensed with, this class of moulding possesses 
economical advantages. The use of this material 
is limited to medium and large size work simply 
because it has little economical value for small 
work. 

The choice of loam, dry sand, or green sand, 
depends largely on the general practice of the 
foundry, the design of the work, the particular 
metal or alloy of which a casting is to be made, 
and also, as has been already stated, by its size. 
Some foundries specialize in one of the classes 
of moulding, and the major part of the work 
done is largely governed by this. 

Green Sand Moulding. While the principles 
involved in the preparation of moulds do not 
vary, whether made in green or dry sand, it will 
be as well to consider them separately because 
of modifications in practice. Open sand moulds, 
for instance, are fairly common in green sand, 
but are rarely, if ever, used in dry sand. The 
moisture contents of a dry sand mixture can be 
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greater than that of a green sand mixture, 
because the moisture is evaporated before metal 
is cast into such a mould. Even in the prepara- 
tion of a mould, that known as the turnover 
method is more common with green sand than 
with dry sand moulding. With each class of 
moulding it is customary to use a special facing 
sand, particularly for metals and alloys that 
have a high fusing temperature, such as steel, 
cast iron, brasses, and bronzes, and these mix- 
tures vary according to the class of mould being 
made. 

Facing Sand Mixtures. When fluid metal is. 
poured into a mould the character of the sand 
is changed to an extent varying with the tem- 
perature of the metal used and the thickness of 
the section in the casting. It is the bond in 
the sand that is changed; it is burnt from 
contact with the metal. The sand, therefore, 
becomes weakened, and its value as a facing sand 
is reduced. Thus, for other than low tempera- 
ture metals a new mixture of sand is required 
for each mould. For economical reasons only 
the new sand mixture is used for the face of a 
mould, and is supported or backed by the sand 
that has been previously used and which has 
become floor sand, hence the terms facing sand 
and floor or backing sand. 

With all green sand moulds it is important 
that the facing mixtures should have as low a 
moisture content as possible. An excess of 
moisture would hinder the metal from lying 
quietly against the mould and cause it to blow. 
More steam is generated and the pore space is 
reduced, due to excess of moisture, with the 
result that the fluid metal offers less resistance 
to escape of the steam. This is a frequent cause 
of waster castings. The quantity of moisture 
desirable is sometimes considered as a percen- 
tage of the whole, thus from 5 to 6 per cent of 
moisture is generally accepted as a convenient 
quantity. This method of computation is quite 
satisfactory, when the facing sand is prepared in 
a mixer, and both old and new sands are added 
dry ; then the requisite amount of water can 
be added. This method is frequently resorted 
to for green sand work in steel foundries, but it 
is not a very convenient method when the sands 
to be mixed contain moisture, experience then 
is of great assistance in determining how much 
water a mixture needs. 


MACHINE TOOLS 


137 


MACHINE TOOLS 


By JosErpH G. Horner, A.M.I.MECH.E. 


LESSON III 
THE LATHES 


The Elements. One need not have attained 
middle age to realize that a vast revolution has 
been proceeding in lathe designs in recent years. 
It is not necessary to take one’s memory back 
farther than twenty years, and important 
changes have been evident during the last 
ten. All machines have been influenced, 
all have been extensively remodelled in 
response to the requirements of more 
intensive production, but few changes 
have been greater than those which 
have been effected in the common 
lathe, the engineers’ typical machine 
tool. It was the first to be remodelled 
by the influence of the high-speed 
steels, but even those comparatively 
recent prototypes are inefficient along- 
side of the latest designs, so rapidly 
have improvements followed in the 
wake of each other. The great increase 
in cutting speeds, and in areas of cut 
available with tools of high-speed steel, 
revealed the weakness of the older 
lathes, which were unequal to the tasks 
imposed on them, being deficient in the belt 
pull required, and lacking in strength, rigidity, 
and stability of details. 

Transitional Headstocks. The headstocks of 
that period were redesigned with cone steps 
larger and wider than their predecessors, the 
“ big-head ” lathes, and these are still being 
built. But associated with the belt cones was 
‘the combination of back gears to gain power on 
reduced speeds. And in all these of the older 
designs a hiatus occurred between the belted, and 
the belt cum back geared drives, although it 
was desirable that the total range of speeds 
should properly progress in geometrical ratio. 
This ratio is now obtained in some of the belt- 
driven lathes. But still it seems so incongruous 
now to combine the two systems of belt and 
geared drives in one head that present design 
moves unmistakably in the direction of the 
abandonment of belted cones, and the substitu- 
tion of all-geared changes. The larger num- 
ber of the later lathes are constructed thus, with 
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advantages that appeal to the men who have to 
operate them. 

All-geared Headstocks. The substitution of 
these for stepped belt cones involves radical 
changes in the designs and the forms of the heads, 
accompanied with unquestionable advantages. 
These have proved so valuable that identical 
designs are adopted in some other machine tools 
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(G. Swift & Sons, Ltd., Halifax) 


where changes in speeds and feeds have to be 
made. 

The first economy is that in which a belt 
running at a uniform speed drives a pulley on 
the headstock from which it is never shifted. 
The pulley generally makes 400 r.p.m., and the 
design of lathe head usually provides for the 
ready substitution of a motor for the pulley. 
From the first motion pulley shaft all speeds 
are derived through spur gears enclosed in the 
head, with provision for the automatic lubrica- 
tion of gears and shafts. They are changed in 
mesh for different speeds with levers located 
outside the head, and which move over plates 
on which the speeds corresponding with their 
different positions are stamped. 

Methods of making engagements differ, but 
they comprise either gears put into and out of 
mesh by sliding them along their shafts, or 
gears that are in constant mesh, having those 
which run loosely engaged with sliding or 
expanding clutches, or else with dive keys, 
that is, keys that are slid along grooves in the 
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shafts to engage with key grooves in the bores 
of the wheels. A clutch usually engages and 
disconnects the first motion pulley. There is 
thus no belt shifting, no unlocking and throwing 
out of back gears, and changes of speeds are 
effected so rapidly and easily that no excuse 
remains for running at an unsuitable speed 
consequent on the trouble of shifting a heavy 
belt. 


Examples of Gear Dispositions. Fig. 3 shows 


a lathe of 84in. centres, fully equipped for 
sliding, surfacing, and screw cutting, and Fig. 4 
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once, due to the locking of the levers. By the 
sliding of either pair of wheels, to right or left, 
engagement is made with one or another of the 
gears on the intermediate shaft D, giving four 
variations of speed. These are doubled on the 
lathe spindle E, due to the difference in the two 
large gears running on bushes on the spindle, 
and those with which they mesh on the inter- 
mediate shaft. Since the wheels on Æ run 
loosely, they are only operative when either 
one is engaged with the central claw clutch, 
moved to right or left with its lever, the clutch 
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FIG. 4. GEAR Box FOR 8} IN. CENTRE LATHE. 


illustrates the gears in its headstock laid out 
diagrammatically, that is, in one plane. The 
drive is by means of a pulley A, making 
300r.p.m. It is put in and out of action with 
the lever seen above the headstock in Fig, 3, 
which moves a tapered key along that expands 
the ring clutch within the pulley, so that start- 
ing or stopping the first motion shaft is done 
instantaneously. From the pulley shaft, eight 
speeds are obtainable, ranging from 23 to 
308 r.p.m., controlled by the two levers seen in 
front of the headstock in Fig. 3. The levers 
move two pairs of sliding gears on this shaft, 
B and C, sliding on double splines to equalize 
the torque. They are out of engagement in the 
drawing, and only one pair can be engaged at 
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being splined to the spindle. The spindle 
is 3 in. diameter, and has a 2} in. hole through 
it. 

Fig. 5 illustrates a gearbox as fitted to lathes 
of from rosin. to 15in. centres, giving 16 
spindle speeds, with three levers. The belt 
pulley makes 400 r.p.m. in the ro#in. centre 
lathe, 370 in the 124 in. centre, and 275 r.p.m. 
in the lathe of 15 in. centres. As in the previous 
example, the pulley A, having an outer bearing 
to take the pull of the belt, drives the first 
motion shaft with an expanding clutch by means 
of a lever above the headstock. This carries 
two pairs of sliding gears, providing four changes 
when meshed with either mating wheels on the 
second shaft D. These are transmitted to the 
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wheel at the extreme left of the third shaft E, 
which thus receives and transmits the four 
changes to the shaft Æ. These are doubled by 
two gears on this shaft, either of which is put 
into action with expanding toggle friction 
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diameter, and has a hole 32 in. diameter through 
it. The front spindle journal measures 5} in. 
diameter by 7 in. long in this, which represents 
the head for the ro}in. centre lathe. A ball- 
bearing thrust (not shown) is fitted separately 
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Fic. 5. GEAR Box FOR 10$ IN. CENTRE LATHE. 


clutches—not shown on the drawing, moved to 
right or left with a lever outside the headstock. 
These mesh with gears that run loosely on the 
main spindle F, and which are put into action 
with a sliding claw clutch, moved to the left. 
When slid to the right the clutch engages with 
a loose wheel on the spindle meshing with a 
pinion on shaft Æ. The main spindle is 5 in. 
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at the rear of the spindle. The lower gears run 
in oil, and a cup fitted at the front of the head- 
stock shows the level of the oil. The figures 
on the gears in the drawings denote the num- 
bers of teeth, and the diametral pitch. These 
lathes are designs by Messrs. George Swift & 
Sons, Ltd., of Halifax, and further references 
will be made to them. 
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NOTABLE EVENTS IN ENGINEERING HISTORY 


By E. A. Forwarp, A.R.C.S., M.I MECH.E. 


LESSON II it most metallurgical operations depend, and 
PRODUCTION OF RAW from it a large part of the power used in manu- 
MATERIALS facturing operations is produced. 


Iron is not only the strongest and most 
Iron and Steel. Of the materials used by the abundant of the heavy metals, but its properties 
engineer, wood and stone occur ready to hand in may be varied by the proportion of foreign 
elements, principally carbon, which it contains. 
Iron may be divided into three classes: wrought- 
iron, containing less than 0-3 per cent of carbon, 
which is malleable; steel, containing from 
0:3 per cent to 2-2 per cent of carbon, which may 
be hardened by sudden cooling, but is otherwise 
malleable ; and cast iron, containing more than 
2:2 per cent of carbon, which is hard and brittle. 

The primitive metal, reduced directly from 
the ore in a hearth by a charcoal fire blown by 
wind or some form of bellows, was a mass of 
malleable iron largely mixed with slag or cin- 
der, which was removed, as far as possible, 
by hammering (Fig. 5). This process might 
easily result in the production of steel which 
could be forged and hardened and used for edge 
tools, and it is believed that hardening and 
tempering were known as early as the ninth 
century B.C. 

This process was crude and wasteful, and 
improvement was made by closing in the fire 
by walls of some height and improving the 
draught, so forming a blast furnace in which 
a temperature was attained sufficiently high to 
completely carbonize the iron to form cast iron, 
which melted and freed itself mechanically from 
the slag (Fig. 6.) In time, the smiths learned 
to convert this iron into wrought iron, by 
remelting it and burning out most of the carbon. 

The blast furnace is believed to have origin- 
ated on the Continent in the fourteenth century, 
while iron-founding was being carried on in 
Sussex in 1497. By this process not only were 
cast-iron articles produced, but the wrought iron 
made from it was of better quality. The 
furnaces subsequently increased in size and the 
bellows were worked by water power. 
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Fic. 5 In 1614, Ellyott and Meysey invented the 
IRON MANUFACTURE, 1556 cementation process of converting wrought iron 


into steel by heating it in pots with substances 

usable form, but metals are seldom found in the rich in carbon. 
natural state, The demand for charcoal nade such inroads 
Coal also is of paramount importance, as on on the forests that, in 1558 and 1584, Acts were 
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passed restricting the use of wood for iron- 
making. This was probably the chief cause of 
the attempts which were made during the 
These 


seventeenth century to use mineral fuel. 
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came to nothing, and it was not until about 
1717 that Abraham Darby of Coalbrookdale 
successfully solved the problem of smelting iron 
with coke in the blast furnace. 

About 1740 Benjamin Huntsman introduced 
the process of melting steel in crucibles, which 
greatly improved its quality. 

The next important improvement was the 
application of pit coal to the conversion of cast 
to wrought iron, hitherto carried out by charcoal 
in the finery. The first attempt to do this was 
made at Coalbrookdale, in 1766, in a reverbera- 
tory furnace, and the process was carried a step 
further by Peter Onions in 1783 ; but it was left 
to Henry Cort to perfect the puddling process 
in 1784 (Fig. 7). This process was quickly 
taken up by other manufacturers and led to an 
enormous increase in the output of iron of good 
quality. 

In 1828, Nielson greatly increased the effi- 
ciency of the blast furnace by heating the air 
for the blast, while later the hot gases from the 
top of the furnace were used for this purpose. 

A new era commenced with the invention by 


the Director of the Science Museum 


Fic. 6. PRIMITIVE BLAST FURNACE 
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Sir Henry Bessemer, in 1856, of his converter 
process for the production of low carbon steel 
direct from cast iron, making use of the heat 
developed by the rapid oxidation of the impuri- 
ties in the pig iron to raise 
the temperature above the 
melting point of the re- 
sultant purified steel, 
which formed a cheap and 
good material of great 
value for rails and 
structural work (Fig. 8). 

A similar result was 
attained with the Siemens 
gas furnace, in 1864, by 
the Martin Brothers, who 
developed the open hearth 
process of making steel 
of any desired carbon con- 
tent by melting together 
cast and wrought iron. 
Such furnaces now reach 
a large size and are tilted 
to discharge the metal, 
while in the Talbot fur- 
nace the operations of 
charging and pouring are 
continuous. 

The most important 
recent advance has been 
the introduction of alloy 
steels. These include manganese steel, invented 
by Sir Robert Hadfield in 1885, the first impor- 
tant known metal to combine great hardness 
with great malleability; chrome-tungsten or 
high-speed steel, which retains its hardness and 
cutting power, even when at a dull red heat ; 


Fic. 7. SECTION OF PUDDLING FURNACE 


d 


and “ stainless ” chrome steel, discovered by 
H. Brearley in 1912. 

In recent years the electric furnace, which was 
introduced by Siemens and Moissan about 1880, 
has been largely used for refining and for making 
alloy steels (Fig. 9). 
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Copper. Copper, the metal next in impor- 
tance to the engineer, was known as early 
as iron, and was at first reduced from its 
ores by a process of roast- 
ing, smelting, and refining. 
This was followed by the 
direct process wherein raw 
pyritic ore is smelted in 
a blast furnace and trans- 
ferred to a Bessemer con- 
verter, which produces a 
metal containing 99 per cent 
of copper. Low grade ores 
are treated with acids to 
form a solution from which 
the copper is precipitated 
by iron. 

The most recent advance — 
‘has been the application i N 
of the electrolytic process, 
which was not commercially 
practicable until the 
dynamo was perfected. 
Elkington, in 1865, was the 
first to obtain a very pure 
copper by this means. 
Wilde, in 1875, deposited 
copper on printing rollers 
by rotating them in an 
agitated solution of copper 
sulphate, while later Elmore 
improved the process by 
burnishing the deposited 
metal. About 70 per cent 
of the total output is now electrically refined. 

In early times copper was not much used 
alone, except perhaps 
for utensils, but was 
generally alloyed with 
tin to form bronze,which 
was harder and could 
be easily cast into useful 
forms. 

Zinc, though some- 
what abundant, was ap- 
parently not known as 
a separate metal until 
about the sixteenth cen- 
tury, butits ore calamine 
was used in the manu- 
facture of brass by a 
cementation process. 
Later on this alloy was 
formed by melting zinc and copper together. 

Aluminium. Aluminium is the most recent 
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metal to be made available for the use of the 
engineer, and is of great value where lightness 
combined with considerable strength is required. 


the Director of the Science Museum 


Fic. 9. ELECTRIC FURNACE 


The metal was first reduced chemically by 
Wohler in a crude state in 1827. In 1854 
Deville rediscovered it, and perfected a process 
of manufacturing it chemically in 1865, while, 
in 1885, aluminium bronze was produced by 
G. H. and A. H. Cowles, in a carbon arc furnace, 
from a mixture of corundum, copper, and 
charcoal. Between 1885 and 1888, C. M. Hall 
and P.T.H. Héroult devised the present-day 
process, in which the metal is obtained by the 
decomposition of alumina in an electric furnace. 

Strength of Materials. In early times struc- 
tures developed by a process of trial and error, 
and the only test applied was that of use. 
Systematic testing commenced about the begin- 
ning of the nineteenth century, when wrought- 
iron began to be used for structures, while 
to-day the determination of the capacity of 
materials to withstand the different kinds of 
stress to which they may be subjected has 
become an essential part of engineering practice. 
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FITTING AND ERECTING 


By JosepH G. Horner, A.M.I.MECH.E. 


LESSON III 
LINING-OFF—(conid.) 


Cylinders. These are rather intricate, and 
sometimes give trouble, because the related 
parts are numerous, and the presence of hard 
dried cores and the toughness of the iron used 
interferes with regular and normal shrinkages. 


three localities, at the centre, and on the flanges 
Aand B. The circles for the cylinder bore and 
those for the piston valve have been struck and 
popped, and the relations of the round steam 
inlet flange, and of the elliptical flange of the 
stuffing box, but these are not quite so important 
as the others. The stud holes are shown, but 
they are not marked until the flanges have been 


Fic. 10. A PLAIN CYLINDER BEING LINED-OFF 


An approximate preliminary lining-out is there- 
fore sometimes advisable, and while there may 
be an excess in allowance for machining on some 
parts, it may be difficult to get the black out in 
others. 

Fig. 10 shows one detail in the lining-out of a 
plain cylinder. It has been packed up, and 
horizontal and vertical lines scribed, and the 
bore marked. The surface gauge is seen carry- 
ing the horizontal centre line round the face of 
the steam ports. Fig. II is an end view of a 
piston valve cylinder, packed up and lined-off. 
The point cf the surface gauge is indicated in 


faced, and they are nearly always marked from 
a templet, or drilled through a jig. Most of the 
marking out is done with the casting laid as in 
Fig. 11, but another setting is necessary, in 
which the casting is stood on end to have the 
ports marked, and the cylinder flanges, for each 
of which the surface gauge is requisitioned. 

Vee Blocks. These fill a large place in the 
work of lining-off. They are used for cylin- 
drical shafts, either alone, or when these are 
inserted temporarily in the bores of brackets. 
A pair of vees will take a large range of diameters, 
and if the vees are of the same size, and accurate 
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in regard to angle, the axis of the shaft will lie 
parallel with the face of the table; and its 
centres, or key grooves can be scribed. When 
a shaft is inserted temporarily in a 
bore as in Fig. 12, it affords a simple 
and ready method of supporting the 
bracket with its bore parallel with the 
table, while its foot is being lined off, 
also parallel. Rocking is prevented 
by the insertion of a prop on each 
side extending from the table to the 
under sides of the foot. The method 
is identical with that adopted on 
machine tables when feet have to be 


The rod will be turned quarter round to have 
the bore marked. If allowances are skimped, 
lining-off should precede the turning of the rod. 


planed or milled, in which case the jaye qo, 


BRACKET MOUNTED ON A TEMPORARY SHAFT, LAID 


projecting ends of the shaft are clamped IN VEE BLOCKS FOR LINING-OFF THE Foor 


down. 

Point Centres. Parallel connecting rods like 
that in Fig. 13 are frequently laid in vee blocks 
during marking out. But the point centres 


Fic. 11. A PISTON VALVE CYLINDER BEING 
LINED-OFF 


_ afford a useful alternative, when work is received 
from the lathe with the centres intact. The 
forked end is bridged to receive the centre there. 


A good many disc-like objects are 


lined out while standing on edge. Cylinder 
covers are readily treated thus to obtain centres 


of holes and studs in line, though 
not in the same plane. Fig. 14 is 
a double eccentric, the shaft hole 
for which is obtained with a centre 
where lines intersect, and the centres 
of the sheaves giving throw, lap and 
lead by other intersections. 

Templets. These are used to a 
considerable extent when several 
similar articles of no very large di- 
mensions have to be machined. 
They are generally cut in thin sheet 
metal to the shapes of outlines, and 
for the locations and diameters of 
drilled holes. The difference between 
these and drilling jigs is, that the 
first are thin, and used only for 
marking the holes through, the second 
are stout, and guide the drill work- 
ing through the holes. 

Sheet metal templets are cut out of 
iron, steel, or zinc. They are laid 
upon surfaces by measurement, or 


are set by means of centre lines, or they are 
located with turned-down portions embracing 


Their expense, which is much less than 
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that of drilling jigs, is justified when there are 
only half a dozen similar articles, and besides 
that, they are ready for use if future orders 
are given, and are a permanent record of work 
done. 

Fig. 15 shows a simple templet used for mark- 
ing the rectangular slot hole in the stub end of 


Fic. 14. DOUBLE ECCENTRIC STOOD ON EDGE 
FOR LINING-OFF 


a connecting rod to receive the key and cotter 
that confines the strap. The sides and end have 
been tooled, and these locate the templet which 
embraces them, with the nibs filed on the sheet 
and turned down. The slot hole 
is scribed through, and centre 
popped, and it may be drilled 
out and filed by the fitter, or it 
may go to the machinist. 

Fig. 16 is a templet commonly 
used for marking the edges of 
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shafts on vee blocks or on point centres, to be 
scribed with the surface gauge. The method 
shown is of value when there is more than one 
set of grooves occupying angular relations to each 
other, as at (b). Work is marked from templets 
as a guide for planing or milling, the results of 
which have to be corrected by the fitter or 
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FIG. 15. TEMPLET FOR MARKING SLOT 
Hove IN ConnEctTING Rop 


erector. Fig. 20 is a templet, from which a 
groove can be scribed on the end of a shaft. 
Fig. 21 marks tee grooves on the ends of machine 
tables. Bevels on tables and slides are struck 


steam and exhaust ports. This 
is of especial value in time saving 
when the valve face stands back 
within a steam chest, instead of 
a clear face being exposed for 
square and scriber. The surface 
gauge will reach to recessed por- 
tions, but the templet saves 
trouble. Fig. 17 is a simple flange 
templet. Fig. 18, one for a double cylinder. 
These are cheaply made, and are stamped with 
the name of their order, and stored. 

Another form of templet is shown in Fig. 19 (a). 
It lies round a shaft, and the positions and 
dimensions of key. grooves are cut in it, to be 
marked through. This is alternative to setting 


Fic. 16. TEMPLET FOR 
MARKING CYLINDER PORTS 


Fig. 17. TEMPLET FOR 
MARKING HOLES IN FLANGES 


with the templets, Figs. 22 and 23. Gauges of 
similar forms can be used to check the accuracy 
of the tooling. 

When work is jigged, the jig takes the place 
of the templet, and supersedes lining off for 
that particular section. The jig, like the tem- 
plet, often takes charge of holes pierced from 
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faces at right angles. In some cases, built-up necting rod ends of the marine pattern, have 
work may have to be reset for two markings-off, their bores located after the flat end has been 
or toolings. Double cylinders, separate cast- faced, and the brasses bolted in place. Ina 
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Fic. 18. TEMPLET FOR MARKING STUD HOLES IN FLANGES OF A 
DOUBLE CYLINDER 
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Fic. 19. TEMPLETS THAT LIE AROUND SHAFTS 


Er 


Fic. 20. TEMPLET FOR FIG. 21. TEMPLET FOR FIG. 22. Fic. 23. 


MARKING GROOVE ON MARKING TEE GROOVES i 
THE END OF A SHAFT ON THE ENDS OF TEMPLETS FOF. MARKING BEVELS ON THE ENDS OF 
MACHINE TABLES TABLES AND SLIDES 


ings bolted together, are treated thus, having few cases it is convenient to attach articles to an 
the bores finally described after the joint faces angle plate instead of mounting them on the face 
have been tooled and bolted together. Con- ofthe table. The liner-off must be resourceful. 


PATENTS FOR INVENTION 


147 


PATENTS FOR INVENTION 


By W. E. Dommett, WuH.Ex., M.I.Mar.E., A.F.R.AES. 


LESSON I 
GENERAL INTRODUCTION 


Ir would serve little purpose to trace the history 
of the growth of the patent system, and it is 
proposed to deal only with the matter from its 
present-day application, and even then to 
restrict the preliminary discussion to the needs 
of the engineering community. 

A patent is a State grant of a monopoly or 
set of advantages made to an inventor in return 
for the benefits the State at large receives as a 
result of the inventor’s contribution to the 
advancement of the nation’s progress in the 
science and development of engineering pro- 
cesses and manufacture. In order to obtain the 
grant of a patent, it is the inventor’s duty to 
set out clearly—to set out in a specification— 
what his invention is, how it is performed, and 
generally to detail it in such a manner that a 
designer or workman could carry the invention 
into effect without further assistance from the 
inventor. Another way of putting this point 
is that the inventor shall tell the nation just 
what it is that he has invented, so that anyone 
may carry on whenever the patent lapses, and 
in the meantime, during the life or existence of 
the patent, every one shall know just what it is 
that they may not do without encroaching 
(infringing is the legal turn) upon the patentee’s 
rights. 

It will be obvious then that the inventor 
must have a very clear idea of what his inven- 
tion really is, but curiously enough this is gener- 
ally far from being the case, particularly if the 
invention is connected with some subject with 
which the inventor is not too familiar. For 
example, a draughtsman, say, in a marine 
engineer’s works, may get an idea for an improve- 
ment in connection with a condenser, in which 
case he would be able to say quite clearly what 
the improvement was both constructionally and 
functionally ; whilst the same man might be all 
at sea about an idea connected with cotton 
spinning machinery. However, whether fami- 
liar or not with the subject, it is the first duty 
of the inventor to think clearly. Not only is 
this necessary in. order that the specification 
shall be clear as is required when applying for 


a patent, but also that the specification shall 
provide in the ultimate grant a field of action as 
broad as is consistently possible. 

The reason for this latter point of view is that 
the value of a patent depends mainly upon the 
broadness or extent of the monopoly that the 
patent creates. As an example of this let us 
imagine some such position as follows. A man 
is engaged upon aeroplane manufacture, and 
realizes that during flight the trim of an aero- 
plane is varied, due to the gradual use of the 
fuel. He conceives the idea of resetting the 
fixed horizontal tail plane to meet this variable, 
and schemes out a screw and nut gear operable 
by cable and pulleys from the pilot’s cockpit 
for accomplishing this operation. What exactly 
has been invented? It is possible to view this 
in several ways, but in each case there must be 
involved a new method of manufacture, and 
there can be no possible claim merely for an idea. 
From one point of view the invention consists 
in providing means for adjusting the tail plane 
during flight to maintain longitudinal balance, 
and then as a subsidiary step the providing of the 
particular means—that is the screw and nut gear. 

From another viewpoint the inventor may 
argue that the adjustment of any nominally 
fixed surface, such as the vertical fin may, under 
certain circumstances, be desirable, and so the 
invention as a whole could be set out as consisting 
in the provision of means for adjusting fixed 
planes during flight. Or to proceed a step far- 
ther, suppose temporary loads, such as “ Mails,” 
are to be carried on one journey, the opposite 
journey being made light, then it may be 
desirable to set the tail plane before each 
journey, the setting being made on the landing 
ground and remaining untouched during flight. 
This could be effected by the screw and nut 
gear, independent of the cable gear from the 
cockpit, which may not even be fitted under 
these circumstances. Looked at from this 
angle, the invention consists in providing means 
for resetting the tail plane to suit the particular 
loading for any given flight. Whilst then no 
wild claims for ideas or advantages are allow- 
able, yet it is of the utmost importance that due 
consideration be given to finding out the widest 
scope of the new method of manufacture which 
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PIONEERS OF ENGINEERING 


By J. F. CORRIGAN, MSc, A.C. 


LESSON III 
THE COMPRESSION OF GASES 
THE HONOURABLE ROBERT BOYLE 
(1626-1691) 


One of the chief facts which militated against 
greater advances being made by the earlier 
investigators in the science of the steam-engine 
was that these individuals did not fully realize 


THE HONOURABLE ROBERT BOYLE 


that steam behaves as a gas, and that there- 
fore, within limits, it possesses similar physical 
- properties toa gas. In fact, at this period, little 
enough was known about the properties of true 
gases themselves. 

The Honourable Robert Boyle, however, by 
his theoretical researches placed, into the hands 
of more practically minded men certain facts 
respecting the properties of gases, which enabled 
them to attack the problem of obtaining motive 
_ power from steam with a greater amount of 
success. 

Boyle himself was primarily a chemist. But 
he made many important discoveries in the 


realms of physics, chief among which was the 
discovery of the fact that the volume of a gas 
varies inversely as the pressure to which it. 
is subjected, if the temperature remains the 
same. Such is “ Boyle’s Law,” and the ap- 
paratus by means of which it may be proved 
is familiar even to the first year student of 
physics. 

Boyle showed that the air had a certain 
amount of what he called a “ spring ” in it. 
And also that if you heat air, its “ spring ” 
increases. That is to say, it expands. He 
pointed out the fact, also, that expanding air 
might be made to do useful work, and that, 


BoyLe’s APPARATUS FOR DETERMINING THE 
RELATIONSHIP BETWEEN THE VOLUME OF 
A GAS AND ITS PRESSURE 


as steam could be considered as a gas, it also 
might be similarly applied towards the same 
end. 

Robert Boyle also constructed several im- 
proved types of air pumps by means of which he 
conducted experiments on rarified air. He 
showed that air would rush into a vacuous space 
‘on the slightest provocation,” and, in short, he 
laid down the necessary important physical facts 
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about steam, and gases in general, which were at 
that time wanting for the further development 
of the steam-engine. 

A pioneer in almost every department of 
physical and chemical science, Boyle may 
indeed be included in our list of engineering 
worthies. True it is that he did not construct 
or devise any practical form of steam-engine, 
but, as we have noted above, his was the mind 
which searched out the facts, the sequential out- 
come of which were the later forms of steam and 
“ atmospheric ” engines. 

Boyle was born at Lismore, in Ireland, in 1626. 
He was the son of the great Earl of Cork.> A 
delicate youth, his health further failed him in 
later years. His studious habits took him to 
several universities abroad, but finally he 
settled in England and devoted his life to 
theoretical researches in science. Boyle was one 
of the first members of the now famous Royal 
Society. His name is greatest in the realms 
of chemistry, but nevertheless, modern engin- 
eering science owes him a debt of acknowledg- 
ment as being an early investigator of steam’s 
motive power. 
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results from the root idea. By this means the 
extent of the monopoly granted is as wide as 
possible, and the money value thereof to the 
inventor increased accordingly. 

At this stage, it is well to sound a warning 
note, and incidentally to bring in a further 
reason for the plea for the need for clear think- 
ing set out above. The inventor of to-day is 
rarely fortunate enough to hit upon an entirely 
new idea which would result in starting a new 
branch of the engineering industry and, conse- 
quently, it becomes necessary to cast the scope 
of the invention on narrower lines. We can 
illustrate this by reference to the aeroplane 
example set out above. When it is known that 
adjustable tail planes are not broadly new, then 
the inventor has to consider the problem from 
a different standpoint, and let us suppose that 
what has really been occupying his mind is the 
fact that in all the arrangements he is aware 
of there is difficulty in maintaining a given 


setting without employing catches or other lock- 
ing means of that kind. He remembers from 
his engineering training that there is such a 
mechanism as an irreversible worm gearing, and 
so he utilizes this, and his invention is, in its 
broadest conception, the provision of an auto- 
matically self-locking gear for adjusting the tail 
plane, and as a particular means, the use of an 
irreversible worm gearing. 

One other point for general emphasis. In 
getting clearly in mind the real scope of the 
invention, and in obtaining thereby the widest 
possible scope for the subsequent patent grant, 
the inventor also is a long way also toward 
obtaining a valid patent. The legal aspect of 
validity will be dealt with later, but it is neces- 
sary to mention that the value of a patent is 
considerably enhanced if, on the face of the 
specification, it seems that its validity cannot be 
attacked and upset in an action by opposing 
interests in the High Courts. 
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BLAST FURNACE PRACTICE 


By Percy C., R. Kinescort, DIC ARCS EEC BSCI(CONDI 


LESSON II 
THE FURNACE—(contd.) 


Slag Notch. This is the opening used for the 
removal of slag. In large furnaces, or where a 
big slag output has to be dealt with, two slag 
notches are used, separated by an angle of about 
120°-180°. The single slag notch is usually 
placed at an angle of about 45° from the tapping 
hole at such a height that, in normal routine, 
there is no possibility of iron reaching its level. 
It is a water-cooled structure, being composed 
of a series of copper, bronze or cast-iron coolers 
in the shape of a truncated cone. The inner- 
most member reduces the ultimate opening into 
the furnace to about 1-2 in. in diameter, this 
opening being closed by the furnace slagger with 
a cone of clay or by means of a long tapered iron 
plug. 

Each cooler is provided with inlet and outlet 
water pipes allowing an efficient circulation of 
water. The latter is important, as iron has a 
rapid cutting action on such coolers. Slag, 
however, does not attack the coolers, but would 
readily cut away the brick lining were no water 
cooling used. 

Tuyere Zone. This is the belt of the furnace 
between the bottom of the bosh and the top of 
the furnace hearth, well or crucible. Old 
designs consisted merely of a spectacle ring held 
in position by kidney lugs, each spectacle hold- 
ing a cooler which projected to the face of the 
brickwork and, in its turn, held the tuyere. 
This design provided no cooling for the exposed 
brickwork in the vicinity of the rings, the only 
cooling being that due to the copper cooler and 
tuyere, the latter of which projected into the 
furnace. To assist in the protection of the 
lining in this vulnerable zone, modern practice 
demands the use of cooling plates. These are 
usually built into the brickwork, the inter- 
mediate spaces between the horizontal layers of 
coolers being strengthened with steel bands. 

In other designs, the whole zone is enclosed 
in a jacket of steel plate resting on the hearth 
wall, and provided with the necessary openings 
for coolers and plates. This jacket is generally 
also strengthened with steel encircling belts. 

The tuyeres, made of copper or bronze, are 


placed symmetrically round the circumference 
of the zone, usually about 24-4 ft. above the 
slag notch, as it is evident that the slag must 
not rise any higher than this plane. The 
volume of the furnace between the level of the 
notch and the tuyeres taken in conjunction with 
the volume of slag produced thus determines the 
height of the tuyeres. The number of tuyeres 
varies with the size of the furnace, the furnace 
practice or the idea of the builder or operator, 
but is usually 10- 
15. The size of 
the tuyere open- 
ing is very im- 
portant, as it 
bears a direct 
relation to the 
volume, pressure, 
and penetration 
of the blast. The 
nose varies from 
34-7 in. in dia- 
meter, and projects about 6 in. into the fur- 
nace beyond the nose of the cooler. 

Fig. 3 shows an arrangement of cooler and 
tuyere. 

The Bosh. This inverted frustum of a cone, B 
in Fig. 2, extends from the tuyere belt upwards 
to the lintel or support of the furnace stack. 
This region has to withstand considerable 
abrasive and scouring action from the gases and 
slag respectively. Formerly, the bosh was con- 
sidered an essential in the design of the furnace 
from the point of view of support of the burden 
above it, and the prevention of materials 
descending too quickly into the region of the 
blast inlet. However, Brassert exploded this 
theory (American Iron and Steel Institute, 
1914), and claimed that the bosh was the chief 
impediment to the downward freedom of move- 
ment of the burden. 

It is difficult to patch, if a failure takes place ; 
hence a suitable construction of this region has 
been the cause of much original thought. The 
old type of bosh consisted of the brickwork 
merely supported by steel belts at alternate 
courses, horizontally, a. design which was the 
cause of considerable trouble and some danger. 
The lines of brickwork are preserved nowadays 
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by the use of cooling plates in staggered layers, 
the plates being either inserted in cast-iron 
boxes, or merely in arches built in the brickwork. 
The latter is about 27 in. in thickness. 

Another design of bosh consists of a cone 
section built of strongly riveted or welded 
steel plate, lined with 9-134in. of brickwork. 
The outside of the cone is cooled by water, differ- 
ent systems of cooling having been evolved. 
Thus, one type consists of water sprays at the 
top, the water running down 
the bosh into a trough encir- 
cling its base. This type is not 
very satisfactory as the water is 
blown about by the wind. An- 
other type consists of horizontal 
troughs arranged at intervals 
round the cone, water being 
allowed to overflow from the 
uppermost by a suitable arrange- 
ment of overflow pipes into the 
trough immediately below, and 
so on. The Sahlin bosh con- 
sists of a spiral trough fixed on 
to the bosh cone. 

A third design of bosh consists 
of an internally water-cooled 
jacket, built up of heavy cast- 
iron sections bolted together and 
lined with brickwork to a thick- 
ness considered essential. This 
type is expensive as the segments 
need careful casting and machin- 
ing, otherwise the blast would 
find its way through the joints 
and soon cause considerable damage, owing to 
the difficulty in effectively stopping the cracks 
with clay. 

All have their advocates, but the plate bosh 
is probably the most popular. 

This region of the furnace is the fusion zone, 
where the descending ores and flux react, 
become pasty, gradually contract and finally 
melt. In older practice, with slow driving and 
narrow hearths, it is evident that the shape of 
the bosh was not a matter of deep concern. It 
was found later that, with increased output, the 
old high or flat bosh in conjunction with a 
narrow hearth had considerable effect on the 
furnace economy and free working. The modern 
strengthening of the larger hearth has enabled 
designers to build short and steep boshes which 
do not interfere with the descent of material. 
The tendency, nowadays, with wide hearths and 
high-blast pressures, is to build boshes with 


FIG. 2 
(From Lesson I) 
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angles about 80°, this general design being 
originally due to the difficulties encountered in 
smelting fine Mesaba ores. As Mathesius points 
out (Amer. I.S.I., 1920), “ As long as the shrink- 
age of the stock volume taking place during its 
descent from the top of the bosh to the tuyeres 
is such as to result in a contraction of the total 
bulk greater than the reduction of the furnace 
area prescribed by the bosh angle between the 
two points mentioned, we may assume that the 
furnace bosh does not impede the stock move- 
ment.” 

There is no doubt that the formation of pasty 
slags in the wrong zone of the furnace is produc- 
tive of many furnace troubles, this being due 
to several causes such as the quality of the fuel, 
volume and temperature of the blast, and the 
eutectic temperature of the slag. Atcherson 
(loc. cit.) considers that the steep bosh need not 
necessarily be low, while a flat bosh should 
essentially be a high one to provide time for the 
reduction in volume of the coke. 

It has been considered necessary in some dis- 
tricts to install tuyeres in the bosh, and to work 
them either continuously or as occasion demands. 

Lintel, Mantel, or Entablature. The lintel is 
of circular construction, being built up of steel 
plate and angles of such dimensions as to carry 
the weight of the structure above, viz., the shell, 
the lining and the furnace top. 

It is supported by a number of columns, 
usually 10 in number, which are either cast or 
fabricated structures resting on heavy founda- 
tions, below and separate from the hearth 
bottom. The columns are usually each built 
in a casing of brickwork at the base as a protec- 
tion against damage from breakouts. 

Thus, the bosh and hearth of the furnace can 
be stripped and entirely rebuilt without affect- 
ing the upper part of the furnace, suitable 
corbels being designed in the joint between the 
top of the bosh and the bottom of the stack 
lining. 

In the Ashland construction, due to Johnson, 
the shell is supported on a square framework of 
heavy plate girders supported on four columns 
giving greater accessibility at the hearth. The 
shell is supported by brackets and the lintel by 
cantilever brackets from the framework on the 
columns. It is considered that a better design 
would incorporate five columns in case of the 
failure to one through damage. 

The Shaft. The furnace casing, as mentioned 
before, is constructed of riveted steel plate, 
$-} in. thick, and bolted to the lintel plate, 
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the inner edge of the latter being sometimes 
bracketed to the lower portion of the shell in 
order to give extra support to ‘the fire-brick 
lining. The shell itself is battered in order to 
obviate the necessity of using unnecessary 
brickwork at the top of the stack, the diameter 
at any point being about 8 ft. more than the 
internal lines of the shaft. The top is pierced 
in one or more places for the gas down-comer 
openings, and sometimes also for explosion 
doors. The fire-brick lining varies with the size 
of the furnace from about 27 in. to 4 ft., this 
thickness being maintained from the lintel to 
the stock-line. The abrasive action of the 
materials shot off the bell is guarded against in 
the region of the stock-line by the use of protec- 
tive devices, whilst in a limited number of cases 
cooling blocks have been inserted in the lining 
in the region of the lintel plate. 

Modern design incorporates a cylindrical por- 
tion extending for about Io ft. above the top of 
the bosh, and for a similar construction extend- 
ing 15 to 20 ft. below the charging level. The 
intermediate portion usually has a batter of 
about ? in. per foot, thus allowing freedom of 
movement for the descending burden, although 
a batter of more than rin. per foot has been 
necessary in some types of furnace practice. 
The zone under discussion is shown in the dia- 
gram Fig. 2, C, the stock-line being D. 
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Stock-Line. This portion of the furnace is 
protected against the abrasive action of the 
impinging burden in several ways, and with 
varying success. An early form consisted of 
hanging strips of steel about ro ft. long in the 
region of the stock-line. The strips were 
fastened to the lining by being bent to a suit- 
able angle at the top and built in between the 
courses of brick. This type usually fails through 
the strips buckling in the heat and being 
pulled out of position by the action of the 
descending burden. Cast-iron plates have also 
been used, but these failed owing to swelling, 
this action weakening the brickwork. It was 
also found that the ends of the plates and angles 
were liable to break off. Cast-iron and steel 
rings have also been tried with varying success. 
The most successful results have been obtained 
by the use of annealed steel blocks or small 
plates of low carbon steel or wrought iron. 
Broden and Roberts have designed a form of 
protection which consists of a cylindrical steel 
casting, the diameter of the stock-line, and 
riveted to the shell, in which large openings 
are arranged to allow for its cooling. There is 
no brickwork in this construction, the bottom 
section of the jacket, water-cooled, merely 
covering the top of the lining and protecting it. 
Johnson states this is an expensive, though 
efficient form of protection. 
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SOME RECENT DEVELOPMENTS IN HYDRO-ELECTRIC ENGINEERING 


By Proressor A. H. Gipson, D.Sc., M.Inst.C.E., M.1.Mrcu.E. 


To speak generally, the economic value of a 
water power increases with the available head. 
Since the volume of water required per horse- 
power varies inversely as the head, and since 
the speed of rotation of the turbine increases as 
the square root of the head, the size and cost 
both of the turbines, pipe lines, and electric 
generators, diminishes fairly rapidly as the head 
increases up to about 1,000 ft., after which it 
is almost constant. For this reason, in the past 
high and medium head sites were developed 
rather than low head sites, even though the 
latter were often geographically more convenient. 

In most countries, and especially in indus- 
trial regions, the low head sites greatly exceed 
the high head sites in number. Most rivers, 
even if the average gradient is small, offer 
numerous sites at which moderate heads may 
readily be obtained, and since these often occur 
in the lower part of the river course, where its 
flow is a maximum, their aggregate capacity is 
very great. Moreover, such sites often occur 
in close proximity to industrial districts so that 
transmission costs are small. 


MODERN Low HEAD TURBINES 


One of the most noteworthy features of recent 
years in the field of hydro-electric engineering 
has been the development of a type of hydraulic 
turbine, which is capable of operating efficiently 
at comparatively high speeds under low heads. 
This has been accomplished mainly by modifica- 
tions in the form of the turbine wheel or runner. 
In the conventional form of Francis turbine the 
runner is comparatively narrow in an axial direc- 
tion, and the water flows through the wheel in 
an almost radial direction until near the point 
of discharge, where it is diverted axially into 
the draft tube. The first development con- 
sisted in a general deepening of the runner giving 
a larger area of water-way, and enabling more 
water to be passed and more power to be 
developed from a wheel of given diameter. At 
the same time the form of the vanes at dis- 
charge was modified so as to increase the effec- 
tive discharge area, until ultimately this became 
equal to the area of the draft tube. The speed 
of the wheel was also increased by altering the 
angle of the vanes. This combination of high 
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vane speed and of high speed of flow through 
the runner, had two disadvantages, in that it 
increased the friction losses due to flow over the 
vanes, and also the loss due to rejection of 
kinetic energy in the discharge. 

To reduce the friction loss, the surface of 
the vanes was cut down by reducing their num- 
ber and their width in the direction of flow. 
The most modern form of high speed runner may 
have as few as two vanes and, indeed, resembles 
a screw propeller rather than a runner of the 
conventional type. The loss at discharge has 
been reduced by very careful design of the draft 
tube or discharge pipe. The area of this is 
gradually increased between the turbines and 
the tail race, so that the velocity of discharge 
into the tail race does not exceed about 4 ft. per 
second, and in this way, by carefully propor- 
tioning the draft tube, some 75 per cent of the 
kinetic energy leaving the runner can be usefully 
utilized. 

Such turbines are almost universally built as 
vertical shaft units, with the generator mounted 
on the top of the shaft, the weight of all the 
rotating parts being carried by a thrust bearing 
of the Michell or Kingsbury type. 

The result of these developments has been of 
the greatest importance. The speed of rotation 
efficiently obtained with the most modern type 
of runner is at least three times as great as was 
possible fifteen years ago, and the reduction in 
cost, due to this and to the improvement in 
the general arrangement, has rendered econom- 
ically possible many large low head river 
schemes. 


HYDRO-ELECTRIC STATIONS 


Another important recent development, which 
promises to be a feature of the coming decade, 
is the automatic hydro-electric station. In 
many cases, a river, though not offering the 
possibilities of any very large individual 
installations, offers a number of sites in fairly 
close proximity at each of which some power 
might be developed. While each of these 
individually might be too small to pay for 
development involving transmission over any 
appreciable distance, the aggregate would often 
be sufficiently large to pay for transmission over 
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considerable distances if the stations were 
linked together to deliver current into a common 
transmission line. In order that this may be 
economically possible, however, it is essential 
that the stations shall operate automatically so 
as to reduce the cost of superintendence. A 
number of such installations are now in exist- 
ence. The necessary starting arrangements are 
simple and may be controlled from some dis- 
tant point, or the starting and stopping may be 
regulated automatically by the level of the head 
water. One station is a controlling station. 
The others are of the simplest type, consisting 
simply of a building to house the turbine and 
generator. The only supervision required is a 
periodic visit to each to attend to lubrication 
and to clear the intake racks. 


ENGINEERING EDUCATOR 


Other developments are in the direction of 
open air stations, in which the whole of the 
switch gear and transformers are erected in the 
open without any attempt at protection from 
the weather. 

On the purely electrical side, modern develop- 
ments have been mainly in the direction of 
improvements in the design of details of the 
generating machinery, and of reducing trans- 
mission losses by increasing the voltage. This 
has been most in evidence in the U.S.A., where 
pressures of 110,000 volts have been in fairly 
common use for some years. Voltages of 
150,000 have, however, been used successfully, 
and in a recent scheme a voltage of 220,000 is 
being adopted over a transmission line 240 miles 
in length. 
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LESSON IV 


NEGATIVE QUANTITIES 


In going through the preceding lessons, the 
question as to what would be done if we had, 
in subtractions of indices or logarithms, to take 
a greater number from a lesser one, must have 
occurred. We will first see how the same ques- 
tion may arise in simple everyday matters, and 
explain how to deal with it. 

A man can row a boat at 4m.p.h. in still 
water. At what speed will he row upstream, 
relative to the banks, in a river flowing at 
3m.p.h? To answer, we must subtract the 
speed of the stream from his speed of rowing, 
and the answer is 4-3 = 1m.p.h., upstream. 
But if the stream flows at 6m.p.h.? Trying 
to use the same rule leads to 4—6, which is 
impossible in the sense that if you have only 
4d. in your pocket, you can’t pay out 6d.! 
Doing your best to take six from four, you can 
only take away the four ; you have still to take 
away twomore. This may be put 

4-6=-2, . 
the — before the 2 indicating that it is still to 
be taken away. Moreover, we can make sense 
of this, in both the rowing and the money exam- 
ples. In the rowing case, the man and boat 
would really be carried downstream at 2 m.p.h. 
Thus, the —2 does represent the actual facts, in 
every respect ; the 2 giving the speed, and the 
— sign showing that it is downstream, and not 
upstream as we were expecting. (Notice, too, 
that the 3 and the 6, both downstream speeds, 
occur with — signs in front.) In the money 
example, paying the 4d. you have, you still owe 
2d. The — sign here means owe. In both 
instances, the — sign seems to mean “ the other 
way ” ; down instead of wp—owe instead of have 
left. Thus, in very cold countries the tempera- 
ture may be recorded as —15°, meaning 15° below 
zero (instead of above, as is more usual). In the 
same way, in the Stock Exchange reports a rise is 
indicated by a +, anda fall by a—. Thus, the 
minus sign (-) is a “ dual-purpose ” one. It can 
mean subtract, and it can mean—does mean when 
a minus number stands alone—the other way, in 


the opposite direction. The plus sign is also a 
“ dual-purpose ” one, but it is nearly always 
omitted when no confusion will arise ; it is put 
in for emphasis. The two meanings of — (and 
of +) are so inextricably connected that it has 
not been thought worth while to invent other 
signs for the second meanings. For a time, 
until it is clear, we will put in the directional 
signs, enclosing them with the numbers in 
brackets, while the signs meaning add and sub- 
tract will be outside the brackets. 

Addition and Subtraction with Negative Quan- 
tities. A directed quantity with a + sign is 
called a positive quantity, while one with a — 
sign is called a negative quantity.. 

In the case of the man rowing, we have taken 
the positive direction as upstream. Any speed 
upstream will have a + sign. Downstream is 
therefore negative (the “other way”), and 
speeds downstream will have a — sign. If the 
man rows upstream, his speed will be repre- 
sented by (+ 4), but if he rows downstream, it 
will be represented by (—4). Similarly, the 
currents of 3 and 6m.p.h. downstream will be 
represented by (—3) and (—6). Again, if the 
river is tidal, and the tide is flowing in at 
2m.p.h., this will be represented by (+ 2). The 
speed of the boat, relative to the banks, is the 
sum or resultant of effects of the man rowing 
and the stream flowing. Thus, the case of the 
man rowing upstream in a current of 3 m.p.h. 
can be completely represented by 


(+4) +63)=(49) 
Similarly, in a current of 6 m.p.h. 
(+ 4) + 6) = (-2) 
If the man rows down stream in a current of 


3m.p.h., his speed relative to the bank will be 
7 m.p.h., downstream. This is represented by 


4) WG 3) = (7) 
If he rows downstream against the tide flowing 
up at 2m.p.h., he will proceed downstream at 
PRAM ON egy ke 

C4) + 4+ 2) = © 2) 
If he rows upstream with a tide flowing up at 2 
m.p.h., he will proceed upstream at 6 m.p.h., i.e. 


(+ 4) + (+ 2) = (+ 6) 
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From these examples it will be seen that the 
rules for addition may be stated— 


To add quantities of the same sign, take the 
sum of the numbers and affix the sign of 
either. 

To add quantities of unlike signs, take the 
difference of the numbers and affix the sign of 
the greater. 


To discover the rule for subtraction, we will 
fix our attention on a thermometer. Here we 
have temperatures above zero (+), or below 
zero (-). Also a rise of temperature is +, and 
a fall—. To find the rise of temperature in any 
period, we have to take the initial temperature 
from the final. Thus, if the initial temperature 
is 5°, and the final is 13° (both above zero), 
the vise is 8°, or, symbolically, 

(Gh t3)= (45) = G8) 
If the initial temperature is 12° and the final 
7°, there is a fall of 5°, i.e. 

(47) = (GE 22) = S) 
If the initial temperature is — 5°, and the final 
is 7°, there is a rise of 12°, i.e. 


Cees) = iG 22) 
If the initial temperature is — 2°, and the final 
— 6°, there is a fall of 4°, i.e. 
C6-62) = (4) 
It will be seen that we can include all these 
cases in the rule 
In subtraction, change the sign of the quan- 

tity to be subtracted, and then proceed as in 

addition. 

Graphical Representation. Positive and nega- 
tive numbers can also be represented by points 
on a straight line, on either side of a zero mark. 
In Fig. 2, the axis XX! is graduated on either 

o BEA Tẹ 
x' -il -0-9-8 -7 -6 -5-4 -3-2 -i 012345678910 x 
Fic. 2 


side of the zero mark, O. Distances to the right 
are positive (+), and those to the left negative 
(-). A series such as (+ 4) + (2) + (+5) + 
(- 8) + (+ 4) can be represented by going, from 
O, 4 right (OA), then 2 left (A B), then 5 right 
(BC), then 8 left (CD), then 4 right (DE). 
OE, i.e. (+3), represents the answer. Now 
the order in which the steps are taken does not 
affect the result, so we may take the + ones 
first, and then the — ones. The sum of the + 
ones is 4 + 5 + 4 right, and of the — ones 2 + 
8 left; 13 right and ro left: result, 3 right. 


e 
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We-may write all this— 


(+ 4) +62 + (45) + C8) +(+ 


=4-2+5-8 +4 
=(4+5+4)-(@+ 8) 
pce tie 


In the same way, changing the signs when we 
have to subtract, 


(+ 8) - (2) + (+6) -(4 3) + 7) 
= 8 424-053 7 a 

== (8 4-2 = 6) (3 4-7) 

== 16 £0 ==10: 


Another instance— 
ERARA 9) (5s) Gee 
By Soe 4 
(2+1+ 4)-(9+ 5) 
=7-14=-7. 
The rule for dealing with a string of numbers 
with various signs is, then, 
Add all the + numbers together. 
Add all the — numbers together. 
Find the difference. 
Affix the sign of the greater. 


il tl 


EXERCISE No. 6 


1. Using + to denote tension, and — to denote com- 
pression, express by signs the forces in the members 
of the girder in Fig. 3, supported at 4 and D, due toa 
load of ro tons at E. The forces, in tons, are— 


B C 


10 Tons 
Fic. 3 


In AB, 9, compression; in AF, 7:5, tension; in 
BE, 9, tension; in BC, 15, compression; in EC, 9, 
tension; in CD, 9, compression; and in ED, 7'5, 
tension. 

2. Forces as shown in Fig. 4 act at B, C, D, and E 
on a lever pivoted at A. Taking clockwise as the posi 


41s 


D A 8 C 
E 


6lbs 6lbs 3\bs 


Fic. 4 


tive direction, and counter-clockwise as negative, 
express with signs the moments of the forces at B, 
C, D, and E about A. What is the resultant moment ? 
Where would a force of to lb. have to act to keep the 
lever in equilibrium ? AR = 4in., AC = 6in, AD 
=5 in., and AE = 2 in. 


MATHEMATICS FOR ENGINEERS 


NEGATIVE INDICES 

The ideas of negative quantities just intro- 
duced will find many applications in practice, in 
dealing with directed quantities, such as 
speeds, rotations, forces, moments, etc., but 
they are also needed in order to deal with the 
logarithms of quantities less than I. Since, as 
has been shown, a logarithm is an index, we 
must first deal with the idea of a negative index. 

Negative Indices. Our rule for the division of 
powers works quite well when the power we 
divide by is less than the power we divide. 
Now that we are prepared to have dealings with 
negative quantities, we can equally well use the 
rule for dividing a less power by a greater, and 
in doing so shall discover what is meant by a 
negative index. 

Thus— 

22 = 25 = 225 = 2-3 
(subtracting the indices). 


But also, 
É 2X2 F 
22 — 25 = = 
2G Bee AX 2 Ke ZARE KZ 
I 
7 28 


upon cancelling, and using the index “ short- 


hand.” Thus 
hae I: 
=g 
i I I i i 
Similarly, 4-¢==—— == Te 3 = 34 =a) 
and, in general, a” = 5 $ 


The laws that we found for the multiplication 
and division of powers with positive indices still 
hold for negative ones, as the following examples 
will show— 


(BQ) Be Xe Raa 2 


I ; I I 
For. 2: ea ene 2 HE = 
ie oft it I 
= phi Ral pe ae eee ENHE 
anda xg p F 2 ? 
: I 
OIUA =n One bX Ga 9. 
(c) 2? < DES NON ee See, OD 
or 4+5 =4x 8 = 32, and so on. 
Find the values of 
PES BE I, OPENS eh PE lies HT SS (ear 
Mette 
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The answers are— 
lg Sa 
10 27 A 

It is to be noted that our idea that a — sign 
means “ the other way ” still holds. An index 
is a means of denoting a continued multiplica- 
tion; “ the other way ” with respect to multi- 
plication is division; a negative index should 
denote continued division ; as it does. 

Large and Small Numbers. Standard Form. 
Very large and very small numbers—those with 
many zeroes at the end or the beginning—are 
cumbersome to write. For instance, the speed 
of wireless waves, and of light, is three hundred 
million metres a second (300,000,000). This is 
3 X 100,000,000 or 3 X 108, and the latter form 
is much shorter. Another advantage of this 
form is that the index of the 10, when the power 
is multiplied by a number between I and 10, is 
the whole number part of the logarithm of the 
complete number, i.e. Jog 300,000,000 = 8:4771. 
In miles per second, the value is 186,000, which 
is 1°86 X 100,000 or 1:86 x 10°. The distance 
of the sun from the earth is about 93,000,000 
miles, or 9'3 X I07 miles. Young’s modulus for 
steel is about 31,000,000 or 3-1 X Io? lb./sq. in. 
This method of expressing large numbers by 
means of a unit and a decimal times a power of 
I0 is called expressing the number in standard 
form, and is convenient because it is short, 
because the index gives at once an idea of how 
big the number is, and because, as has been 
said, the index is one of the things we need in 
finding the logarithm. By the use of negative 
indices, the method can also be used for very 
small numbers. For instance, four millionths, 
or 0:000,004, can be written 4 + I,000,000 or 
4 — 10°, or 4 X 10°, the last being in “ stand- 
ard form.” Similarly, 0-00031 = 3I X 1074, 
and so on. The index is easy to find, for it is 
again the number of places the point must be 
moved to be, after the first significant figure 
(counting from the left). Again, 0:000004135 
= 4°135 X I0®. 

Express in “ standard form ” 

45,000, 35,000,000, 418,000,000,000, 0:000312, 
0-00000908. The answers are 4°5 X 104, 3'5 X 
TOMASO X 101, Suro X 104, ATIC: ONG I0.. 


Ws e 


ANSWERS TO EXERCISE 5 
I. (a) 549°5. @) 25,160.. (e) CIZ. 
(e) 88,570. (f) d 87. 
. 83.33 $q.in.; 152,100 sq. yd. 
5,426 cub. in. == Sur laa DOD Te 
) 282,100. (b) 8,301. 
255. 


(d) 26:78. 


v 
2 


QAN 
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APPLIED MECHANICS l | 


By Gro. W. Bird, WH.Ex., B.Sc., A.M.I.Mecu.E., A.M.1.E.E. 


LESSON IV 
RESILIENCE— (conid.) 


Case 2. The load to be applied suddenly, but 
without initial velocity. 

Here the amount of energy which the body 
is suddenly called upon to store is W X x, as 
we shall see. Let us consider the spring and 
weight employed in Case 1. Support the load 
over the spring and just touching it as in Fig. 13 
(Lesson III) ; now suddenly release the hand so 
that the whole of the weight is applied to the 
spring. That part of the work which, in Case 1, 
was done by the hand in lowering the weight, 


UER ; A 
viz., —> 1S now given over to the spring in 


addition to its own share of a and since it 


now stores twice the energy it becomes subject 
to twice the stress intensity of that in Case I. 
We have chosen a spring for our experiment, as 
the movements are so easy to observe. We 
remember, also, that our shafts, beams, etc., 
behave very much as 
springs, so that what is 
true of springs in this re- 
spect is also true of all 
other forms which parts of 
engines and machines take. 


i h Case 3. The load is 

i" a applied suddenly, with 
initial velocity. 

Fic. 14 We shall, in this case, 


consider a load which has 
fallen a height 4 before coming into contact 
with a collar on the rod, which arrests the fall 
and brings the load to rest. At the instant when 
the weight, which has fallen a distance / first 
touches the collar, it possesses a store of energy 
= Wh. 

The blow which the collar receives causes the 
rod to stretch an amount x, and thus the total 
fall of the weight is (4 + x). During this fall 
the weight acquires a store of kinetic energy = 
W(h + x) and, this being transferred suddenly 
to the rod, induces a stress in the rod which we 
can calculate as follows— 


Resilience = W (h + x) = Soa) 


2 


where 
P = maximum instantaneous load on the 
bar, due to arresting the falling weight. 
x = maximum instantaneous extension of 
the bar. 
length of bar. 
area of cross-section of the bar. 
modulus of elasticity for the bar. 


Pi 
Also we know that E = 


Ax 
Pi 
or % = AE (2) 
By substituting (2) in (1) we get 
P PI 
aoa LS 


L 
A 
E 


l Wt ll 


Wh + x) = 


A 
and multiplying (3) by g we get 


; P PIA 
W TA (4) 


A E : : 
Since g = maximum instantaneous stress = uP 


and ZA = volume of rod, we may collect the 
terms in (4) and write 


f? X volume 
Too N) 


An example will-be useful here to show the 
application of expression (5). 

EXAMPLE. A bar of steel 2 inches in diameter 
and ro ft. long is subjected to the action of a 
load of 501b., which falls vertically 9 in., and 
is brought to rest by a collar on the end of the 
bar. Calculate the maximum instantaneous 
stress induced in the bar and the corresponding 


W(h + x) = 


elongation. E = 30 X 108 Ib. per sq. in. 
: f? X volume of bar 
W(h + x) = E 
} fl 
Aso B= or x= (2) 


by substituting (2) in (1) we have 


F fl f? X volume of bar 
w (r z) = 2E 3) 
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and substituting the given numerical values we 


have 
KTO 
50 (9 T Sa] 
50(270,000,000 + 120f) = borf? 
- f? -31:81f + (15:9)? = 71,630,000 + (15-9? 
.. f = 8447 lb.-sg-in. 
To calculate the maximum elongation we can 


HE RK SOD. 
~ 2 X 30,000,000 


use (2) 
fi 
LET 
8 xX 120 4 
a = 0:0338 in. 
30,000,000 
Ans. Maximum instantaneous stress 8,447 lb.-sq. in. 


Maximum instantaneous extension 0:0338 in. 


REPEATED AND REVERSED STRESSES 


Many parts of machines and structures are 
subject to variable loads which either fluctuate 
in amount or reverse their direction of action, 
or, both fluctuate and reverse. Experience 
shows that such parts require special considera- 
tion, and many experimenters have sought to 
establish some relation, expressed by a formula 
or graph, which should make allowance for 
stress variations. Pioneer and classical investi- 
gations were carried out by Wöhler, whose 
results have been of the highest value to later 
experimenters. Wéhler’s experiments were con- 
ducted at the comparatively low speeds of 60 to 
80 reversals per minute, and the general con- 
clusions are usually stated as: (1) Iron and steel 
will eventually be fractured when subject to 


20 
S00 fever sols er min 
erersop, is 


Lever sal, bape 


Range of Stress 


Total Reversals of Stress 


Fic. 15 


stress much below the statical breaking stress, 
provided this stress is repeated a sufficient num- 
ber ot times ; (2) Within certain limits the range 
of stress is more important than the maximum 
stress ; (3) If the range of stress is decreased, the 
life of the part is increased and tends to become 
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infinite when the range of stress is small. 
Wohler’s experiments occupied to years, and 
his results were published in 1870. Since then 
there has been an extraordinary increase in the 
speeds of engines and machines, and this has 
prompted later experimenters to extend and 
repeat Wohler’s experiments at higher speeds. 
The general results, however, have been similar, 
as shown by the graph in Fig. 15; increasing 
the speed of reversal has lowered the range of 
stress required to produce fracture with a given 
number of reversals. 

A formula, due to Gerber, seeks to express the 
reduction in the breaking strength, arising from 
stress fluctuation. 


GERBER’S FORMULA 


A ee 
Pies ee x VE AN. 
where 
Jmax, = new maximum crippling stress 
A = Variation of stress due to fluctuation 


stated in terms of finan. 
c =a constant, 1:4-25 
= statical breaking stress. 


EXAMPLE. Mild steel, when tested in tension, 
is found to possess an ultimate tensile strength 
of 30 tons per sq.in. A member of a machine 
made of this steel is subject to a steady tensile 
stress of 3 tons per sq. in and a fluctuating stress, 
which varies from 5 tons per sq. in. compressive 
to 24 tons per sq. in tensile. Calculate the maxi- 
mum breaking stress under these conditions. 
Usec = 2; 


greatest stress — least stress 
m greatest stress 


) x ITED 


3 + 23~(-2) 
A= | a 
A= 5 EN alsof=30 andc= 2. 


eosa, =2 Sia Jf f2- cAf 


15 15 
ap. = 22 Weare +,[Gop-2 x Ir Smas. X 30 


49 900 
A 484 Teman = 000 II Taa 
435,000 435,000 
2 PD Tna 
i ması T 539 nan 49 
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which on solution gives 
Finan. = TOO tons per sq. an: 
Another formula which is simpler in form than 
Gerber’s is known as the 


LAUNHARDT-WEYRAUCH FORMULA 


x safe dead load stress 


wN 


Working stress = 


minimum load 
x| (I+4 seeder ee 
2 maximum load 


In using this formula, if a positive sign be used 
for tensile stresses, then compressive stresses 
must be considered negative. 

ExampLe. The safe dead load stress for mild 
steel may be taken as 7} tons per sq.in. A 
mild steel member is subject to a tensile dead 
load of 5 tons, and a live load which fluctuates 
between 54 tons tensile and 6 tons compressive. 
Calculate the safe working stress under these 
conditions. 


The minimum load 
==5 tons tensile — 6 tons compressive= — I ton. 
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The maximum load 
= 5 tons tensile + 5-5 tons tensile = I0°5 tons. 


2 
Working stress = = x safe dead load stress 


? K minimum load 
Sal maximum load 


2 -I 
Working stress = 3 x74 E 1 (3 x a 
Working stress = 4:76 tons-sq. in. 
EXERCISE No. 4 


1. A weight of 112 Ib. is allowed to fall freely until 
checked by a collar on the end of a rod 1$1n. diameter 
and 18 ft. long. If the maximum instantaneous stress 
in the rod is not to exceed 15 tons per sq.in, and 
E = 13,500 tons per sq. in., calculate the height through 
which the weight falls. 

2. A member is subjected to a dead tensile load of 
8 tons, and a live load which fluctuates between 7 tons 
tensile and 9 tons compressive. If the safe dead load 
stress is 6 tons per sq. in., determine the working stress 
under the above conditions. 


ANSWERS TO EXERCISE 3 


45 


: 15. a5 s : z 
I. 14in. x — in. X 6in. 2łin. x = in. X gin. 
32 6 


2. b = 0-225. c = 0°8243. Elongation 2:8682 in. 
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POWER TRANSMISSION BY BELTING 


By W. G. DuNKLEY, B.Sc. 


LESSON IV 


EFFECT OF INITIAL 
TENSION 


In Lesson III we illustrated the effect of chang- 
ing w and the angle of lap; we shall now con- 
sider the effect of changing the initial tension. 
This is very important, and will be dealt with 
more fully as we proceed. 

EXAMPLE 5. Taking our simple illustration 
in Lesson III, we found that when u = 0:35 


T 
and a = 150° that = = 2:50. Now increase 


t 


the value of ¢ to 130 lb. Then before slipping 
OCCIinS we == 2-50 130) =-325 1b. Torque 
available now = (T —¢) x 20 = (325-130) X 
20 = 3,900 lb. in. Without changing u ora, by 
increasing the initial tension from 100 to 130 
we have increased the available torque from 
3,000 to 3,900, but it is still not sufficient to lift 
the load. 

EXAMPLE 6. Keeping u = 0:35 and a = 
150, increase ¢ to 170 lb. Now T may be in- 
creased to 2:5 X 770 = 425 1b: The torque 
available is now (425 —170) X 20 = 5,100. This 
is now sufficient to lift our load. So you see that 
without changing u or a and by increasing t 
we get more available torque. When we come 
to consider the question of the stretching of the 
belt you will see, however, that gaining torque 
by increasing the initial tension is attended with 
serious disadvantages. If we collect our results 
together the comparison should be interesting. 


H | a | t | T | Lifting Torque 
Ex, 2. | 0°35 || 150 I00 250 3,000 
Ex. 3. | 0:50 | T50 100 | 370 5,400 
Ex. 4. | 0°35 | 210 I00 361 5,220 
Ex. 5. | 0°35 | 150 130 325 3,900 
Ex. 6. | 0°35 | 150 170 425 5,100 


How a Belt Takes the Load. In order to 
illustrate the importance of the initial belt 
tension, we shall now consider how a belt acts 
when it begins to take the load. Referring to 
Fig. 6, let A be the driving pulley which is 
driven by some agency, such as a motor or 


engine. Let B be the driven pulley and again 
suppose that the work to be done is represented 
by the load W being lifted. Now the driven 
pulley cannot rotate until the belt exerts a 


DRIVEN PULLEY 
B 


t tı 


INITIAL BEJ 


E 
DRIVING PULLEY 
A 
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torque on the driven pulley equal to W x v. 
When both pulleys are at rest let the belt be 
under a tension ¢,. Both sides of the belt will 
have this tension. Now if any body is under 
tension it must result in stretch, and if the 
amount of the stretch is increased the tension 
must have increased, and if the amount of 
stretch is decreased the tension must have 
decreased. Now we must have a greater ten- 
sion on one side of the belt in order to produce 
the lifting torque on the pulley. This is attained 
in the following manner. Imagine the driving 
pulley to rotate very slowly in the direction 
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shown. The length of the belt between C and 
D begins to stretch and its tension begins to 
increase. Suppose the driving pulley has rota- 
ted so that D has been stretched to E. Then 
since the belt remains the same length, the 
other side of the belt will have its initial stretch 
reduced by the amount that CD has increased 
its length. Thus, as the tension in CD is 
increasing gradually as the driving pulley com- 
mences to rotate, the tension in the length 
FG is gradually decreasing, and therefore a 
difference in the tensions in CD and FG is 
being created. This process continues until the 
difference in tension produces a torque sufficient 
to lift the load and then the driven pulley will 
commence to rotate; or continues until the 
limiting relation between T and ¢ is reached at 
which slipping occurs, whichever condition 
develops first. 

The Three-Tension Conditions. Now you see 
that we have three tensions to consider. We 
have the initial belt tension ¢,, the tension ¢ in 
the slack side, and the tension T in the tight 
side of the belt. It may be mentioned here that 
the use of the terms slack and tight to distin- 
guish the two sides of the belt is not really 
correct, since both sides are under tension, but 
these terms are used so generally that we shall 
continue to use them. The initial tension 4, as 
we have seen, must be greater than #, and is 
naturally less than T. So you see if you have 
calculated the values of ż and T for a particular 
case it would not be sufficient to put the belt 
on with only an initial tension equal to the slack 
side tension. Now it has been proved that the 
increase in the tight side tension T over the 
initial tension ¢, is not the same as the decrease 
in the tension on the slack side. This is be- 
cause the leather is not perfectly elastic, the 
increase in stretch not being proportional to the 
increase in load. We shall, however, consider 
the increase in tension on one side is equal to 
the decrease in tension on the other side. 

EXAMPLE 7. Let us now see what the ten- 
sions in the belt would require to be in order 
to lift our load of 1,000 1b., taking r = 5 in., and 
R = 20 in., as before. 

Assume u = 0'4 and a = 180°. 

Notice we are not now assuming any value 
for tf as we have done previously. 


T 

Then loga = 0:007578 X 0:4 X 180 
TE 
7 = 356% 
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Therefore T= 3°51 X t. 


Now in order to lift the load of 1,000 lb., we 
must have (I x 20) — (t X 20) = I000 X 5. 


Therefore T — t = 5202 = 250 lb. 

But from the above, T cannot be greater 
than 3°51 x ¢, and substituting this in place of 
T, we get 

(3:51 X t) -t = 250 
ZSEK t = 250 
2 e Too lD: 

T = 3:51 X t= 350 1b. 

Initial Tension Determined. We can now see 
what the belt tension must be when the belt is 
at rest. Since we are assuming that the in- 
crease on one side over the initial tension is 
equal to the decrease on the other side, then 


This gives 


T-A =h i 
and 2e e 
fag 
WERTER 
0 X 100 
p = Sa = ZAD 


This is the necessary initial belt tension. 
When driving, the tight side tension increases by 
125 lb. to 350 1b., and the slack side decreases 
by 125 lb. to roo lb. 

EXAMPLE 8. Now suppose the belt is put on 
with an initial tension of only 150lb. What 
will happen ? 

Well, T -= 24 = 300 lb. 

Now T cannot be greater than 3:51 x é, 
therefore putting T = 3:51 X f, we get 


3517 + ¢ = 300 
t = ~— = 66 lb. 


T= 3-5 X t= 232 Ib: 
Lifting torque available 
= (T-t) X 20 
= (232 — 66) X 20 = 3320 Ib. in. 

This is not enough. Again suppose the belt 
is put on with 300 lb. initial tension. This will 
simply increase both tensions by the excess of 
75 lb. over what they were found to be when 
the initial tension was 225 lb. Then ¢ = 175 lb. 
and T= 425lb. T-t still being equal to 
250 lb. The effect of excessive initial tension 
will be discussed in our next lesson. 


STUDY. 


Suppose y= 6in,, R= t5 in: p ord 
a = 180", 


Find ż, T, and t; when W = 1,500 lb. 
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THE THEORY OF HEAT ENGINES 


By E. iB. Core, B.Sc: 


i LESSON IV 
PROPERTIES OF GASES—(contd.) 


Pressure, Volume, and Temperature relations 
during the Expansion of a Gas according to the 
Law PV "= constant— 


We have P, Vr = PV." 
or P,/P, = [V2/ V4)" 5 sia ay hE} 
Aednik [ei ea EEN Core WE = P Va Ve 
But Pi Vi— wRTi; P V;= WRT; 
Bi 1E ae — I py 
asta Va e ae) 


= [P,/P3] * from (1) . (3) 


Adiabatic Expansion or Compression. 
If a gas in expanding performs work 
without receiving or rejecting heat, the 
expansion is said to be adiabatic. 
From the energy equation we see that 
the external work done is accomplished 
at the expense of the internal energy. 


O = work done + gain of I.E. 
or work done = loss of I.E. 


Similarly for adiabatic compression, 
when work is done om the gas, there 
is an increase in internal energy of the same 
amount. 

Assuming the equation for adiabatic expan- 
sion is of the type PV” = C, to find the value of 
the index “ n ”— 

Let the drop in temperature that occurs 
during the expansion be T; — T}. 

Then the work done W = So ft. Ib. 
and the loss of LE. =w.K, (7,—T,) heat 
units. 


.. equating these two— 


> K 
IEE 
R EE R 
SS a Raz K, ee 


since R/ J = {K K,). 
Thus n = K,/K,=y 


ADIABATIC 


where y = ratio of the specific heat at constant 
pressure to that at constant volume. 
Thus for adiabatic changes 


PV” = constant. 


The relation between isothermal and adia- 
batic expansion is readily seen on a PV dia- 
gram, and Fig. O(a) shows the two curves for 
the expansion of a gas, the adiabatic being 
below the isothermal ; while Fig. 6(b) shows the 
same curves for the compression of a gas, the 
adiabatic now being above the isothermal. It 
should be remembered that during an isothermal 


ADIABATIC 


/SOTHERMAL 


(b) 


(a) 


Fic. 6 


change there is no change in the internal energy 
of the gas, since the temperature is constant ; 
while during an adiabatic change a change of 
internal energy occurs equal to the work done, 
there being a gain or loss according as work is 
done on or by the gas respectively. 

Having mastered these relationships that hold 
during pressure, volume and temperature 
changes of a given mass of gas—we may now 
proceed to the study of the principles upon which 
heat engines work. It has already been men- 
tioned that mechanical work can be obtained 
by causing a substance to expand or contract 
in a cylinder fitted with a piston, by supplying 
heat to or removing heat from the working sub- 
stance, which therefore undergoes a regular 
cycle of changes of pressure volume or tempera- 
ture, and it is with these theoretical thermo- 
dynamuc cycles of changes that we have to deal. 
Actually, no engine follows exactly these 
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theoretical cycles, but they form a most useful 
standard for comparison. 

The student is asked to note carefully the 
difference between these cycles of changes under 
which the working fluid passes and the mechan- 
ical cycle of operations under which an actual 
engine works, which refers to the number of 
strokes of the piston which are made while the 
working substance passes once through its heat 
cycle. 

The working substance we are employing is 
a perfect gas, that is, a gas whose specific heats 


are constant, and which obeys the laws of Boyle 
and Charles. There is in practice no such con- 
venient gas, but Air is the gas that is used 
and it will be assumed “perfect” in these 
respects. 

The first practical engines to be devised, 
working by means of the changes of volume of 
a given mass of air inside a cylinder, due to the 
application of heat externally to a portion of the 
cylinder walls, were termed “hot air engines.” 
Space will not permit of a description of these 
cycles, which are of academic interest only, 
since modern engines are of the internal combus- 
tion type, ie. heat is supplied to the working 
substance (air) inside the cylinder itself by 
burning in the air a charge of combustible gas 
or oil. 

It will therefore be realized that in an actual 
internal combustion engine, before heat is 
supplied to the working substance, this latter 
will consist of air or a mixture of air and a 
combustible gas, while after the burning has 
occurred the contents of the cylinder will be 
“products of combustion,” which will have to 
be got rid of and a fresh charge of air or mixture 
drawn in, necessitating a continual change of 
the cylinder contents. 
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But we aré not here concerned with the 
practical methods of supplying heat to the 
working substance, and we shall neglect any 
change in the chemical nature of this substance, 
due to the method adopted of supplying the 
heat. Thus, we shall consider our zdeal heat 
engines to be working with a constant mass of 
air inside the cylinder undergoing changes of 
volume, due to applications of heat in a regular 
cycle of operations. 

We shall deal firstly with the ideal cycle 
devised by Sadi Carnot in 1824, in which 
heat is received and rejected at constant 
temperature. 

Carnot Cycle for a Perfect Gas. We shall 
follow the cycle of operation by means of the 
PV diagram! which is shown in Fig. 7. All 
the heat which is supplied to the working sub- 
stance is supposed to be taken in at a constant 
temperature T» which is the higher limit of 
temperature, and all the heat not utilized is 
supposed to be rejected at a constant tempera- 
ture T,, which is lower than T 

On the diagram the point I represents the 
initial conditions of the given mass of gas, i.e. 
at a pressure P,, Volume V, and temperature 
IPs Ip 

I. Firstly, then, the gas is supposed to receive 
heat at constant temperature Tp that is, it 
expands isothermally to the point 2. 

There is no change of internal energy during 
this process, so that the work done, which is 
represented by the area 12a, will be equal to 
the heat supplied. 

This area we have seen to be P, V, log, 2 

1 


V, 
=w.R.T,, log, 7 ft-lb. 
1 


2. The gas is now supposed to expand 
adiabatically to the point 3, that is no further 
heat is supplied, so the work done is accom- 
plished at the expense of the internal energy of 
the gas. - Hence area 230b -= Ja Kalian 
T,) ft-lb. where T, = IT; (We could also 
express this area directly as _ ft.-lb. 


1 The student will realize that the pressure-volume 
diagram is the indicator diagram that would be ob- 
tained from the cylinder in which the working sub- 
stance undergoes its cycle. An indicator, as will be 
described elsewhere, is an instrument which draws a 
closed curve showing the variation in pressure in the 
cylinder with the piston displacement, which is directly 
proportional to the volume occupied by the working 
substance. 
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instead of equating to change of internal 
energy.) 

3. Now we proceed to do work on the gas by 
compressing it zsothermally at temperature T, to 
the point 4, this point at which this compression 
is stopped being chosen such that if we now, as 
the fourth and final operation, compress the 
gas adiabatically to the higher temperature 
limit Tẹ we shall arrive back at the point I 
at which we started, thus completing the cycle. 

Then, as above, the area 3cd4 represents the 
work done on the gas at constant temperature 
i, (= 1, = T;) and is given by wRT, log, 


7 ft.-lb. and, there being no change of internal 
4 


energy, heat of this amount is therefore rejected. 

Also the area 4dai represents the work done 
on the gas during adiabatic compression which 
therefore increases the internal energy by the 
amount JK: (Ja T,) ft.-lb., no heat being 
rejected. 

We have now been once round the cycle, 
having brought back the substance to its condi- 
tion at start—there has been no permanent 
change of internal energy—and the net useful 
work obtained from the engine will be the differ- 
ence between the total work done by the gas 
and the total work done om the gas—in other 
words, the net work done is equal to the area 
enclosed by the curves 1234. 

Thus, we have supplied heat to the sub- 
stance and rejected heat from the substance, 
and the— 


Work done = 


yV 7 
[eRT log, v Se VES (l= a 
V3 
-| wRT, log, V, + JK,(T,-T;) 


y y 
= wkT,, log, T —wRT, log, v 


= heat supplied -heat rejected. 


This result that W = heat supplied — heat 
rejected is, of course, true for any cycle in which 
the working substance is brought back to its 
original. condition—since any work done by 
means of the internal energy of the gas has to 
be given back to raise the internal energy to its 
original value at the completion of the cycle. 

Now let us examine the point 4 at which 
isothermal compression must be stopped. 


165 
We have 
Tiı= T,= Ii aa o h 
des T; =T IER IS E 


But on the adiabatic curve 14 


L a 
r =|] 


Similarly, on adiabatic 23 


i.e. the ratio of isothermal expansion V,/V, 
must be equal to the ratio of isothermal com- 
pression V5/ V, 

Hence, returning to our expression for the 
useful work done, this will reduce to 


y 
W = wR log,- 7, g 


Hence the thermal efficiency of the cycle 
which is given by the ratio 
useful work done 
heat supplied 


heat supplied — heat rejected 
heat supplied 


will be for the Carnot cycle 


⁄ 
wR log. y [Ta T] 
1 
n= 

y 

wR loge « Ts 

= Ta- T; 
T 


We shall work out in detail the following 
example using the diagram Fig. 7 to represent 
the cycle. 

EXAMPLE. In a Carnot cycle with Ilb. of 
air as the working substance, the volume ratio 
of isothermal compression is 3. The minimum 
temperature is 300° C. absolute, minimum pres- 
sure I atmosphere, and the maximum pressure 
150 lb. per sq. in. absolute. Deduce the pres- 
sure, volume, and temperature at the four 
cardinal points of the cycle, the thermal effici- 
ency, and the mean pressure acting throughout 
the cycle. 

Let us draw up a table of the information 
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given, so that that required may be easily seen. 
One atmosphere has 


been taken = 14:7 | ip | V | T 
Ib.-sq. in. In apply- TE 

: > I | 150 

ing our results all 5 

pressures must, of 3] 14-7 300 
course, be taken in 4 | 300 
lb. per sq. ft. 


We have then the table shown, and can at 
once see that we must start at point (3) since 
V, can be found— 


Mass of gas w = 1 lb. 
(G2 Re, Wa 
= 13-62 cub. it. 


96 X 300 
14-7 X 144 


(4) “Then V,= | Vi= V3/3 = 4 et cub. ft. 
Pie eer.) = 44-1 1b. per 
Thus from * * $ Pa pee 
T;=T, tb 


Now for point (1), compressing along adiabatic 
4-1, y for air being I-41, we have 


44 
pa v PJPP = ysa [E] 
= 1-90 cub. ft. 


-. from Pi Vee ead 
(150 X 144) X TOO 
Ll, = = 
96 
Now, finally for point (2) 
T= T= 428 C 
and we have seen that the volume ratio of 
isothermal expansion = vol. ratio of isothermal 
compression, 1.e. Va = 3V, = 5-7 cub. ft. 
E TOM Pa Voc K Lap 
fg 
Then the work done 
= heat supplied — heat rejected 


AZo aC vaba: 


Vo Ks 
= RI log: y RI; log. + 


Vy 
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= 96 x log, 3 [428 — 300} 

= 13,420 ft.-lb. 
*, mean pressure acting 

work done 

~ change in volume 
13,420 
Peeve 

13,420 

O 144(13°6 — 


ao) 8 lb.-sq. in. 


ProspieMs. (1) If the amount of work done during 
the expansion of 1 1b. of air is 17,500 ft.-lb. and the 
initial and final temperatures of the air are 340°C. 
and 410° C., find the amount of heat supplied during 
the expansion. K, = 0-238. K, =o. 169. 

If the final temperature had been 290° C., all other 
conditions having remained the same, determine the 
heat supplied. Also, if the expansion had been iso- 
thermal, how much heat would be required to produce 
the above work. 

2. Air at atmospheric pressure and at a temperature 
of 15°C. is drawn into a cylinder, compressed to a 
pressure of 3 atmospheres, and delivered from the 


DELIVERY 


Pv”=C 


COMPRESSION 


V 


cylinder at that pressure. The indicator diagram will 
be as shown. If the compression law is PV “= const., 
prove that the total work done per Ib. as represented 
by the area of the diagram is n times the work done 
during compressiononly, 

If n = 1-3, determine (a) the total work done, and 
(b) the heat rejected during compression only. 


SOLUTIONS. 
E 24°33 CHU. , 4:05 CHU. 12:5 C.H.U, 
2. (a) 34,000 ft.-lb. (b) 5:1 C.H.U. 
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STEAM BOILERS AND THEIR ACCESSORIES 


By Percy E. Rycrort, M.B.E., M.1.E.E. 


3 LESSON I 
STEAM BOILER EVOLUTION 


THE production of fire by what may be called 
artificial means, was primitive man’s first step 
towards that civilization which we now enjoy, 
and it would seem that having produced fire, 
one of the next very natural developments would 
be the heating of water, and the subsequent 
cooking of his food. 

A boiler, or water container, in some very 
simple form, must therefore have been among 
the implements devised by early man for 
increasing his comfort. Like many other 
primary inventions, however, development over 
the succeeding centuries was exceedingly slow, 
and there are no authentic records of steam 
actually being raised from heated water until 
about 2,000 years ago, when Hero of Alexandria, 
in 1508.c., demonstrated in a simple way, a 
means of producing motion by the use of steam. 
A model of this machine can be seen in the 
Science Museum, South Kensington. It con- 
sists simply of a small hollow sphere, having 
two outlets for steam pointing in opposite direc- 
tions, and set at right angles to a pivotal axis. 
When water in the lower part of the apparatus 
is heated, the steam escaping from the orifices 
causes the sphere to revolve. 

There are no records showing that this particu- 
lar apparatus was ever put to any practical use, 
and it probably remained for many years an 
interesting but ineffective toy. 

In some books references are made to appara- 
tus found in the ruins of Pompeii, which seem to 
indicate that the process of heating water in 
small quantities efficiently by utilizing tubular 
construction had made some developments, but 
there is no evidence from this source to show 
that steam production for power purposes had 
made any development up to the beginning of 
the Christian Era. In fact, from this time for 
practically 1,700 years, records of steam raising 
are exceedingly scarce. About A.D. 1700, how- 
ever, or a little sooner, the industrial develop- 
ment of this country may be said to have 
commenced, and from this time steam raising 
for power purposes began to develop also. 

Mining, particularly tin and copper mining 


in Cornwall, was one of the earliest forms of 
industry practised in this country, and difficul- 
ties were experienced in connection with this 
mining owing to the influx of water, which had 
to be got rid of. This obviously called for the 
production of pumps which could be kept con- 
stantly at work, and this in its turn naturally 


ee = — 
Heros (Co Jf CHACE WATER 
ENGINE Vyr; PUMPING ENGINE 
8.C150. K \ 4.0.1770. 


LANCASHIRE BOILER 
FAIRBURN 


A.D. 1840. 


“CORNISH” BOILER 
TREVITHICK 


A D. 1805 


called for mechanical power—hence, it is not 
surprising to find that the earliest engines and 
boilers used for power purposes were put down 
in connection with pumping plant. The first 
utilization of steam in this way was an exceed- 
ingly simple business. Steam was evaporated 
at a very low pressure—only a few lb. to the 
square inch—in large vessels of globular shape 
built up of riveted iron plates. From these it 
passed into a huge open-ended cylinder fitted 
with a piston, with its rod connected to one 
end of a pivoted beam. When the cylinder was 
full of steam, a jet of cold water was introduced, 
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which condensed the steam and set up a vacuum, 
so that the pressure of the atmosphere on the 
outside pushed down the piston, deflected the 
pump beam, and lifted the pump plunger. 
Examples of this apparatus can also be seen 
in the Science Museum at South Kensington. 
Between 1700 and 1800, developments in 
steam production very slowly continued. The 
early engineers were, however, handicapped by 
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Mention may, however, be made of Trevithick, 
who about 1800 produced the Cornish boiler, 
which was the first really practicable apparatus 
for steam raising on any appreciable scale. 

The Cornish boiler, as its name implies, and 
as most of us are probably aware, was developed 
in Cornwall, in connection with the mining 
plants which have already been referred to, and 
consisted of a horizontal cylindrical shell, with 


HIGH ano Low WATER ALARM. IG"xI2" _ pMARHOLS 
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the fact that the metals and manufacturing pro- 
cesses at their disposal were still very crude. 
Copper, lead, and even wood, were used in some 
of the earliest boiler constructions, and it was, 
of course, to be many years later before wrought- 
iron sheets, and later still steel sheets, could be 
procured in the size and quality which we know 
to-day. 

It is not proposed to enumerate all the 
difficulties which were experienced by early 
pioneers, such as Savery, Newcomen, Watt, and 
many others, all of which are referred to at 
length in most textbooks, which the reader will 
be able to obtain from practically any library. 


ENLARGED DETAIL oF 
FLANGED SEAMS, 


NLARGED DETAIL oF 
SHELL SEAMS 


a single flue running through it from one end 
to the other. This boiler had a considerable 
vogue, and in fact is still being built in small 
numbers to-day. 

Although Trevithick’s boiler was good, and 
marked a real advance on all its predecessors, 
it had some disadvantages, one of which was 
that while steaming, owing to the central posi- 
tion of the flue, the crown was rather easily 
liable to lose the protection of its water covering 
and burnt plates would result. In later models 
the flue has been set eccentric to the shell with 
improved results. The great industrial develop- 


ment of Lancashire in connection with its cotton ` 
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spinning, which required more and more 
mechanical power, involving the use of steam 
and steam-engines, laid the foundation for the 
Lancashire boiler invented by William Fairburn 
about 1840, appreciably less than I00 years 
ago. 

-The Lancashire boiler, like the Cornish boiler, 
consists of an outer horizontal cylindrical shell, 
but has two flues or furnaces, so that double 
the grate area and greater steaming capacity is 
provided. This boiler until the advent of the 
water-tube boiler, became practically the stand- 
ard steam raising apparatus throughout the 
world and, in a boiler census which the 
author was able to make in 1917, it was 
found that in Great Britain alone there 
were over 40,000 Lancashire boilers still 
at work. It has the great advantage of 
simplicity, and is still often used when 
only a moderate amount of steam is 
required. 

Lancashire boilers ultimately reached 
a size as large as 30 ft. long by ọ ft. 6 in. 
in diameter, and this size would be 
capable of evaporating practically 12,000 
lb. of water per hour. 

It will be obvious that a cylindrical 
shell of this size, subjected to a pressure 
of, say, 150 or even 200 lb. per sq. in., 
which was the possible working pressure 
at the time referred to, would necessitate 
the employment of steel plates extraordin- 
arily thick, and it will be seen that the 
total weight of such a’ structure would 
be enormous, and that the transport alone 
of such a boiler from its place of manu- 
facture to the place where it would be set to 
work would be a matter of the greatest difficulty, 
more particularly as at that time there was prac- 
tically no mechanical road transport. Unless, 
therefore, such a boiler could be placed upon 
a railway—assuming that it was not too high 
to pass under existing railway tunnels—and 
delivered direct by this means to its destination, 
its haulage by horses involved great labour and 
inconvenience. These considerations definitely 
limited the size to which such a boiler could be 
constructed, and for all practical purposes it 
came to be accepted that the limit of evaporation 
for this type of boiler would be between 
8,000 and 10,000 Ib. of water per hour. The 
demands of power stations and other steam 
raisers very soon exceeded these amounts, so 
that with such limitations, coupled with the 
lengthy time required to raise steam and the 

12—(5462) : 
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inability of shell boilers to respond rapidly to 
variable loads, it is not surprising that their 
use, particularly so far as land work is con- 
cerned, is now restricted to the smaller installa- 
tions. Side by side with the development of the 
normal stationary land boiler, however, there 
were two other distinct factors which contri- 
buted to variations in type, these being associ- 
ated with the two great branches of marine and 
locomotive engineering. In the former, the 
demand for mechanical propulsion—first arising 
about 1803—called for boilers which could 
be conveniently installed in the necessarily 
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restricted space of a ship’s hull; while the 
latter, developing about 1812, eventually 


demanded very intensive firing. 

In both cases evolution has resulted in the 
provision of fire tubes which, passing through the 
water space, are expanded into the boiler ends 
at back and front. Through these tubes the 
furnace flames and gases pass on their way to 
the chimney, and by this more intimate mingling 
of the furnace heat with the boiler water more 
rapid evaporation and consequently higher 
power per cubic foot occupied is possible. 

In marine practice this line of development 
has resulted in the Scotch boiler and similar 
types, the essential features of which are the 
provision of two and three furnaces, the fire 
tubes already referred to, and a shortening of 
the overall length of the shell to less than half 
that of a Lancashire boiler. 
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RECIPROCATING STEAM-ENGINES 


By ENGINEER LIEUT.-COMMANDER T. ALLEN, R.N. (S.R.) 


LESSON III 


Hypothetical Diagram for Compound Engines. 
If in Fig. 2, AB represents the volume of the 
low-pressure cylinder of a compound engine as 
well as the volume of some other single-cylinder 
engine, and the diagram is divided into two por- 
tions by a line so that NO represents the piston- 
swept volume of the high-pressure cylinder, it 
is clear that the theoretical work performed in 
both engines is the same. If NO is so chosen 
that the two portions of the diagram are of 
equal area then equal work is performed in 
both cylinders of the compound machine. The 
~ line may, however, be placed in any number of 


Fic. 2 
(From Lesson II) 


positions, each giving a different value for the 
cylinder volume ratio Wo: and of the inter- 


mediate pressure P, upon which—for given 
initial and back pressures—the loads on the 
pistons depend. 

If the low-pressure cylinder is correctly dimen- 
sioned, the cylinder ratio does not affect the 
power developed by the engine, but the smooth 
working is influenced thereby. It is necessary 
to effect some compromise between the desir- 
ability for equal division of power between the 
cylinders and equal maximum loads on the 
pistons. The value of m, found from formula 
(x), or from the hypothetical diagram, Fig. 2, 
for a compound engine with low-pressure 
cylinder volume AB, is usually known as the 
“ M.E.P. referred to the low-pressure cylinder,” 
and most makers base the proportions of their 
engines upon certain allowable values of this 


M.E.P., determined from practice for various 
engine types and initial pressures. If the 
referred M.E.P. is calculated from the hypothe- 
tical diagram or formula it should be corrected 
by a suitable “diagram factor.” A pressure 
drop of about 5 1b. per sq. in. should also be 
allowed in fixing the value of the initial pressure, 
unless the actual drop can be determined by 
direct observation on site. 

Power, Piston Speeds and Loads, and Mechan- 
ical Efficiency. The relation between the M.E.P., 
dimensions and speed of engine, and i.h.p. for 
one side of the piston is given by the formula— 
ibp = Pm LAN 

33,000 
where ppm = mean effective pressure, lb. per sq. in. 
= stroke of piston, ft. 
= area of piston (less area of rod), sq. in. 
N = speed of engine, revs. per min. 
= indicated horse-power. 


By adding the i.h.p. developed on both sides 
of the piston, the total power developed by the 
engine may be obtained. If pm is assumed to 
be the same for both sides of the piston, and A 
is the area of the piston less the mean area of 
the rods, the total power developed is 


: 2pm LAN 
Lh.p. = ~ 33,000 


The mean piston speed V in feet per minute 
is 2LN, and for a given engine a constant 
2LAN AV 
33,000 33,000 
multiplication by the M.E.P. for a given cut-off, 
or ratio of expansion, gives the i.h.p. correspon- 
ding to the cut-off. If the M.E.P. is taken 
from actual indicator diagrams, the power 
developed by the engine may be determined. 
If calculated from the hypothetical diagram or 
formula (corrected by the diagram factor), or 
taken from a table of M.E.P.’s the area of the 
cylinder may be determined if the stroke, 
speed, and i.h.p are known. The i.h.p. and 
speed are usually determined by the specified 
working conditions, and the stroke by the 
makers’ standards. In the case of a compound 
engine, the cylinder area so found is the area 


may be found, which upon 
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of the low-pressure cylinder, and the diameter 
of the high-pressure cylinder may then be fixed 
by a consideration of the division of power and 
piston loading ; or a suitable ratio selected from 
practice for engines of similar type. 

The “piston load” p, upon which the 
dimensions of the principal engine parts are 
based, may be taken as follows— 


For a Single Cylinder Engine— 

{Area of piston less area of tail rod (if 
any)} x {initial steam pressure — final back 
pressure}. 

For a Compound Engine— 

H.P.. cylinder: {Area of h.p. piston — 
area of tail rod (if any)} x {initial steam 
pressure — intermediate receiver pressure. } 


L.P. cylinder: {Area of l.p. piston — area 
of rod} x {intermediate receiver pressure — 
final back pressure. } 

The power available at the crankshaft of an 
engine is referred to as the brake horse-power 
(b.h.p.), and is less than the power developed 
in the cylinders, by an amount corresponding to 
the energy lost, chiefly by friction of the work- 


termed the 


: : FA 
ing parts. The ratio ihp. © 
“mechanical efficiency,” and the power lost by 
friction = F =ih.p.—b.h.p. The friction loss 
is practically constant at all loads, and may 
be determined from indicator diagrams taken 
when the engine is running without load or, 
where practicable, by means of a “ brake.” It 
is apparent that the mechanical efficiency 
b.h.p. i.h.p. -F (const.) 


i.h.p. ihp. increases with an 


or 
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increase in i.h.p. or M.E.P., and this is found to 
be so in practice. 

Table I gives average typical values of steam 
pressure, speed, diagram factor, etc., for 
various types of engines. It should be under- 
stood that these values are approximate only, 
as cases commonly occur which are outside 
the limits given. The higher revolutions, 
and lower piston speeds, refer generally to 
engines of smaller power and shorter stroke, 
and the mechanical efficiency is affected, in a 
degree, by the speed and piston loading, lubri- 
cation, design, and workmanship. Slow speeds, 
steam jackets and large engine sizes, lead to 
increased diagram factors, and the factor is 
also influenced by the type of valves and valve 
gear. 


TABLE I 


APPROXIMATE CHARACTERISTICS OF VARIOUS ENGINE TYPES 


Mean 
: Piston Mech. | Steam 
Engine Type Poeran Speed S P si Effy. | Pressure. 
ft. per | CP. of |Ib,/sq.in. 
min, 
Simple Slide Valve 
Condensing ‘8—9 | 250-500 — 85-88 | 80-130 
Simple Non.-Cond. and 
Back Pressure. Semi-| :85-*95 | 600-950 | 100-200 | go-95 | 80—200 
positive gears 
Compound Condens- 
ing. Trip gears "75—85 | 500-750} 60-130 | 85-91 | 100-180 
Compound Condensing. 
Semi-positive gears "75—85 | 550-850] 90-190 | 85-92 | 130-180 
Triple Expansion Con- | -65-"75 | 450-750| 60-90 | 84-90| 150-250 
densing 
High-speed Vertical *65-"7 |500-r0c0| 250-650 | 88-94 | 100-250 
Unaflow *85-"9 600—950 | 100-200 | 90-94 | 100-250 
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STEAM CONDENSING PLANT 


By Joun Evans, M.Enc.’ 


LESSON III 


CONSIDERATIONS AFFECTING 
THE DESIGN OF A SURFACE 
CONDENSER 


Pressure Conditions in a Surface Condenser. The 
relation between pressure and temperature of 
the mixture of air and vapour as it exists in a 
condenser does not strictly conform with the 
steam tables, but obeys Dalton’s Law, which 
states that each constituent of the mixture 
exerts a pressure equal to that which it would 
exert if it alone occupied the containing vessel. 
The pressure of each constituent gas or vapour 
of the mixture is known as a partial pressure, 
and the sum of the partial pressures is equal to 
the total pressure exerted by the mixture. 

Jn the surface condenser the partial air pressure 
at the exhaust branch is sufficiently small to 
be negligible, so that the steam temperature 
and pressure correspond. As the steam flows 
through the condenser it condenses, cools, and 
falls in pressure, while the air carried along 
with it cools and rises in pressure, the sum of 
the partial steam and air pressures at any 
point being equal to the total pressure at 
that point. Owing to cooling of the condensate 
as it drops over the lower banks of cold tubes, 
its temperature is less than the steam temper- 
ature, and the vacuum at the bottom of the 
condenser correspondingly higher than at the 
top. This is, of course, necessary to initiate 
the flow of steam. 

In the case of a condenser designed to main- 
tain a vacuum of 29 in. of mercury (corr. temp. 
79:12° F.) at the steam branch, assuming 
that the condensate is cooled 8° F. below the 
steam temperature, the vacuum at the bottom 
of the condenser (neglecting air pressure) would 
be that corresponding to 79:12 —8 = 71:12° F. 
or 29:233in., the absolute pressure being 
30 — 29'233 = 0°767 in. ot mercury. Assuming 
the air pressure to be 44; of the steam pressure, 
the total absolute pressure is 14 X 0767 
= 0'844in., and the vacuum 30-0844 = 
2g'150in., resulting in a pressure drop of 
29'156- 29 = 0-156 in. of mercury across the 
condenser. 


The value of this pressure difference or pneu- 
matic drop depends on the diameter of the con- 
denser, the following being representative of 
good condenser performance— 


Diameter of Condenser Pneumatic Drop 


6 ft. 0-15 in. of mercury 
8 ft. o-r8 in. is 
ro ft. 0-20 in. o3 
over IO ft. 0-25 in. P 


Condensing Surface. The surface required in 
a surface condenser depends upon— 

I. The amount of heat to be transferred from 
steam to cooling water to effect condensation of 
the former, 

2. The mean temperature difference between 
the water inside the tubes and the steam out- 
side, and 

3. The rate at which heat is transferred 
through unit area of tube surface per degree 
temperature difference between water and 
steam. 


If W = weight of steam condensed per hour 
= latent heat of steam (B.Th.U.’s) 
tm = mean temperature difference °F. 
K = rate of heat transmission. B.Th.U.’s 
per sq. ft. per degree M.T.D. per hour. 


: Wx H 
Then required surface S = in X KI ft. 


As it is only necessary to condense the steam 
(further cooling of the condensate resulting in 
a lowering of the boiler feed temperature), the 
latent heat H of the steam is transferred to the 
cooling water. This is usually taken as 
1,000 B.Th.U.’s per Ib. of steam condensed. 

Mean Temperature Difference. The tempera- 
ture difference between the inside and outside 
surfaces of the tubes, i.e. between water and 
steam, varies throughout the condenser. 

If ¢, = cooling water inlet temperature °F. 
i = is . outlet ie IRS 


t, = exhaust steam temperature °F, 


s 
t, = condensate temperature °F. 


c 
the maximum temperature difference at the 
bottom of the condenser, where the cold water 
enters is ¢,—%,, and the minimum at the top, 
where the heated water leaves, t, — tą} The mean 
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temperature difference follows a hyperbolic law 
and is given by 


Rate of Heat Transmission. The transmission 
of heat through the tube wall is of a complex 
nature, depending upon, among other factors— 

I. The water velocity in the tubes. 

2. The material of which the tubes are made. 

3. The density of the steam and the amount 
of incondensable gases associated with it. 

4. The cleanliness of the tubes. 

Careful investigations have been made to 
determine the laws of heat transfer through 
condenser tubes, but even so there is still a wide 
variation in the results obtained. Fig. 11 shows 
the relation between water velocity and the rate 
of heat transmission, being a fair average of 
results obtained by different experimenters, and 
giving excellent results in practice. 

Cooling Water. The temperature and quan- 
tity of water available for cooling determines 
the vacuum it is possible to obtain, but initial 
cost, pumping power, etc., must be considered, 
and the plant designed so as to give the most 
economical vacuum. In order to produce the 
necessary flow of heat through the tube walls 
near the top of the condenser, the temperature 
of the warm water leaving must be less than 
that of the steam entering. Suitable average 
values of this temperature difference ¢,—f, are 
as follows— 

Turbines ; 8-10° F. 
Reciprocating engines . 15-20° F. 

Before a definite value of t, — t, is decided upon, 
site conditions must be carefully studied. Where 
the head on the circulating pumps is high 
(cooling towers), ¢,—t should be as small as 
possible, giving a maximum temperature rise, 
a minimum quantity of water, and reducing to 
a minimum the power expended in pumping. 
On the other hand, the mean temperature differ- 
ence is reduced, the surface and initial cost of the 
condenser being thereby increased. Where 
water is plentiful and pumping heads low, 
t,—t, may be a maximum, resulting in a smaller 
and cheaper condenser, while the pumping 
power need not necessarily be high. In prac- 
tice it is found that for economical operation, 


wt. of circulating water 
wt. of steam condensed 


exceed 80. This corresponds to a minimum 
water temperature rise of 123° = 12-5° F. 


should not 


the ratio 
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Condenser Performance. The performance of 
a condenser may be gauged by the weight of 


. steam condensed per hour per square foot of 


tube surface per degree mean temperature 
difference. This figure is actually a measure of 
the heat transmission rate of the condenser. 
Condenser efficiency is a measure of the con- 
denser performance as a heat extractor 
vacuum corrected to 30 in. barometer 


™ vacuum corresponding to circulating x 
water outlet temperature 


“| laa 


— 


100 


900, 


hour. 
œ 
© 
Q 


SS] 
QO 
Q 


500 


Rate of Heat Transmission in B.Th. Us 
per sq. ft. per degree M.T.D. per 

D 

S 

S 


400 


3 4 5 6 i 8 9 
Velocity of Water through Tubes in Feet per Second. 
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CONDENSERS 


Vacuum efficiency is a measure of the general 
design of the condenser and the efficiency of the 
air extractor 

vacuum corrected to 30 in. barometer 
™ vacuum corresponding to condensate 

temperature 


100 


EXAMPLE. A surface condenser operates 
under the following conditions— 


Circulating water inlet temperature . 70° F. 

50 D outlet 82° F. 
Vacuum z : ; 28-50 in. 
Corresponding temperature GZA BR 
Condensate zy 88:5° F 

From the above figures— 
Vacuum corresponding to 82° F. = 28-9in 
” » p 88°5° F. = 28-65 in 
28 
Condenser_efficiency = => 500 
28:9 
= 98-6 per cent 
dv ficiency = 22 x roo 
and Vacuum efficiency S Shee 


= 99:5 per cent. 


Nore. It is to be noted that these “ efficiencies ”’ 
are not efficiencies in the ordinary sense of the word 
as applied to heat engines, for example. 
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Maximum Economical Vacuum for Given 
Water Inlet Temperature. The curves (Fig. 12) 
give the temperature conditions in a surface 


8 


Vacuum, Ins. Hé. 
N 
2 


50 60 70 
Jerverature , °F. 
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60 90 7100 1710 120 


condenser designed with the maximum ratio 
water 

of 8o. 
steam 
gives the steam temperature, and curve B the 
condensate temperature, a vacuum efficiency of 
99 per cent having been assumed. Taking a 
drop of 8° F. between the vacuum and water 


For a given vacuum, curve Á 
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outlet temperatures, and a water temperature 
rise of 12:5° F., the curve C is obtained by sub- 
tracting 8 + 12:5 = 20°5° F. from the vacuum 
temperature. 

EXAMPLE. To find the surface required to 
condense 100,000 lb. of steam per hour when the 
condenser is supplied with water at 55°F., 
vacuum 29°F. 


Temp. corr. to 29 in. vac. : =f, = 79-712) FE. 
Condensate temp. (see par. 2) . = ¢, = 71-12° F. 
Cooling water inlet temp. tee 
oe » outlet temp. =, = (t9) say 
= 70-12 ss 
Ratio water L 1000 66 
steam t, —ty I5*12 


.. Cooling water required = 6,600,000 lb. per hr. 
= 11,000 G.P.M. 


Mean temperature difference 


ma (te—t1)—(ts— t2) 16:12 — 9 7'12 
ie ae . a . 
loge 2 ty ieee 16-12 0:5828 
= E222 Ry 


Taking a water velocity through the tubes of 
6 ft. per sec., then from Fig. 11, the heat trans- 
mission rate K = 645 B.Th.U.’s per sq. ft. per 
° F, per hour. 

<. Required surface 

WAA I00,000 X I000 
E “yaaa X 645 


= 12,700 sda iu 
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By J. McLacuian and C. A. OrTO 


LESSON IV 
THE JOINTING OF TIMBER 


For nearly all flat work the plain butt joint is 
used for edge jointing. It is possible to get a 
very good joint by simply glueing the two edges 
together and, for some work, there is no alterna- 
tive; but it is more satisfactory to insert 
dowels in the joint. The disadvantage of a 
dowelled joint is that the two glued edges cannot 
be rubbed. Further, if swelling or contraction 
takes place owing to the absorption of moisture, 
or drying, the change in the measurement of the 
overall size of the plate may be so considerable 
as to spoil the pattern. It is, therefore, much 
better to leave the joint open. This localizes 
alterations. Open joints should be about 4 in. 
wide, and thin slips of wood, called “ slivers,” are 
used temporarily to keep the pieces apart, while 
building. 

Say a large globe valve is required and blocks 
have to be built up, as the pattern is not suffici- 
ently large to employ any kind of boxed-up con- 
struction, there are two ways in which this may 
be done. Two or three thicknesses of timber 
may be joined horizontally, or 1}in. to 1} in. 
timber may be joined vertically. If well- 
seasoned timber is used, and the second method 
is employed, the joint will always remain 
straight. 

Tongue Joints. Tongue joints are used in 
pattern-making, but invariably both pieces are 


BUSH PATTERN CONSTRUCTION 
WITH TEMPORARY GROUNDS 
AND SHOWING TONGUES. 
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grooved, and a separate tongue inserted. The 
groove may be about }in. deep, and the grain 
of the tongue should be either quite cross or at 
an angle of 45° with the sides. If it is parallel 
with the side it does not give strength to the 
joint. It is common practice, when making 


large bushes, to make a shell pattern, staves 
being built on temporary grounds and separate 
tongues being fitted into the edges of the timber. 

The most common use of tongues in pattern- 
making is for fastening branches to valves or 


THREE FORMS OF TONGUE JOINTS. 
; Fic. 2 


pipes. Butt jointing for the purpose is never 
satisfactory, as the branches frequently move 
when the pattern is in the sand. Separate 
tongues of this kind should always be made of 
hard wood, preferably baywood. 

The Half-lap Joint. A half-lapped frame is 
much superior to an edge plate for medium size 


TWO HALF -LAP JOINTS 
Fic. 3 


and large work, and such a frame may have a 
filled-in centre. It is not customary to fill in 
the spaces between the rails, because the moulder 
can usually strickle these out, but in some cases 
it is necessary to do so, and a ledge is sawn or 
cut in the rails to give a “landing” for the 
filling-in piece. It is advisable to fill in all 
small frames, because it is a simple matter, and 
a good surface is obtained for marking centre 
lines, etc. 
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When making frames the inside positions of 
the rails have very often to be determined by 
the positions of the ribs, facings, and branches, 
otherwise special rails may afterwards have to 
be fitted, which can seldom be done satisfac- 
torily. The width of rails also depends to some 
extent on the details that will be fastened to it. 
With regard to the thickness of construction 
frames, while no definite size can be given, such 


PLATE OF CROSSED BOARDS: 
AN ALTERNATIVE TO A HALF- 
-LAPPED FRAME. 
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frames should certainly not be less than I} in., 
and should preferably be rf in. An alternative 
to a half-lap frame for large plates is the method 
of crossing boards. ‘This is usual when making 
plates of irregular shape. 

Corner Joints. Not many different kinds of 
corner joints are made in pattern-making. The 
housed joint is quickly made, 
and is satisfactory. When the 
corner has to be rounded, a 
square block may be fitted 
on the inner corner to hold 
the ends and sides together. 
The sides are recessed into 
each other, and the top is 
“Jet in,’ and rests on re- 
cesses sawn from the sides. 
This is an ideal form of con- 
struction for the foundry, 
because the edges of the top—bottom when it 
is in the mould—cannot tear 
the sand when it is being with- 
drawn. 

The dovetail is much used in 
pattern-making, especially for 
fine and for standard work. 
When making gears the teeth 
are sometimes fastened to the 
rims with dovetails, but the 
most general use for them is for 
loose pieces. Unlike carpen- 
ters’ dovetails they are 
tapered, and must be made a close fit, and yet 
be easily withdrawn. They are invaluable for 


CORNER JOINT FOR 
FRAME CORE BOXES. 
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SHOWING METHOD 
OF BOXING-UP FOR 
SMALL WORK. 
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fastening facings, and bosses on vertical sides, 
and are usually about +in. or 2 in. thick. 

The Paper Joint. The paper joint cannot be 
called a pattern-making joint exactly, because 
it is only used as a temporary expedient. The 
paper joint is sometimes used for fastening 
delicate work at the lathe chuck for turning. 


METHODS USED IN PATTERN 
CONSTRUCTION 


With small work there may be no choice as 
to the method of construction adopted, unless 
it be a question of using a block print as an 
alternative to a loose piece, but it is nearly 
always possible to construct patterns by various 
methods, and there are important points to be 
considered before the work is started, such as 
the number of castings that are required. 
Foundry equipment has also to be considered. 
It is futile to supply loam boards for a cylindri- 
cal job to a foundry that has no equipment for 
loam work. 

A circular pattern may then be made as a 
lagged barrel, or, if it is short in length, in pro- 
portion to diameter, it may be built of laminae 
of segments. An important advantage of 
lagging is that, if the grounds to which the 
staves are fastened are carefully made, it will 
last for a very long time and, if for vertical 
moulding, will deliver freely from the sand. 
With a lagged cylinder there is no crossing 
of grain but, when segments are used, the 
periphery does in time become somewhat 
irregular, and thus tears the mould. For short 
cylindrical bodies or parts which have to be 
fitted to a main body, the segmental method is 
generally preferable. 

Segmental Work. Short segments are more 
satisfactory than long segments, although it is 
not advisable to make them too short, especially 
if there is not sufficient lap between one joint 
and another ; on the other hand, long segments 
expose end grain as well as side grain to the 
atmosphere, and thus the periphery, in course 
of time, tends to become more irregular. 

Although for large work thicker segments 
may be used, fin. or rin. is as thick as they 
ought to be used for the majority of patterns, 
and in many cases much thinner segments are 
advisable. 

It is not always possible to use nails in seg- 
mental work. Pegs have frequently to be used. 
Holes for them are bored and the pegs, made 
square, are dipped in glue, then driven in. The 
large valve cover illustrated would be very 
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awkward to nail as, with the greatest care, nails 
will sometimes follow the grain of the timber, 
and then there would be endless trouble when 
turning, owing to the points of nails coming 
through. Such a pattern as this ought to be 
thoroughly dry before it is turned. It will be 


LARGE VALVE COVER 
SEGMENTALLY BUILT. 


FIG. 7 


observed that the centre boss in the sketch has 
been built and turned separately, which is much 
easier than building the whole job at one opera- 
tion. Thin segments are better as they are 
easier to peg. Sometimes when building a thin 
and deep ring, reliance has to be placed entirely 


on the glue, which should be applied thin and | 


hot. 

When making a saucer-shaped pattern, if only 
six segments of each size are required, they may 
be marked off and sawn separately, templets 
being made for each course but, when the work 
is parallel, and a large number of similar seg- 
ments have to be sawn, three or four boards 
should be placed one on top of the other and 
the top board marked off with a templet, after 
which, sprigs—the kind known as panel fins 
are suitable for thin segments—can be driven in. 
One cut of the band saw by this method gives 
three or four segments. 

Large elbows or breeches pipes are common 
in some shops. A very strong and comparatively 
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cheap pattern can be made for an elbow or 
breeches pipe by the segmental method, with a 
little care. Several grounds about 2 in. thick 
are first made, but an end view of the construc- 
tion should be set out on the drawing board. 
The segments should not exceed about 1 in. 
thick, and the grounds should be cut so that at 
no part will the pattern be less than TẸ in. thick. 
The grounds have to be placed very accurately 
on the building or drawing board. The seg- 
ments should be made so that it will be unneces- 
sary to use a templet, as templet working is very 
slow and not more accurate. When such a 
pattern has been built, it can be finished with 
gouge and spokeshave very quickly. Instead 
of building on grounds when making elbows and 


SEGMENTAL CONSTRUCTION 
FOR BREECHES PIPE. 
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other large bends by the segmental method, 
joint plates may be used, but it is not good 
practice, as it is practically certain that more 
trimming will be necessary with gouges and 
spokeshave. 
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By Joser G. Horner, A.M.I.Mecu.E. 


LESSON IV 
THE LATHES—(contd.) 


Headstock Spindles. The increased intensity of 
the duties imposed on lathes is reflected in a 
large increase in bearing surfaces, especially 
noticeable in the headstock spindle journals. 
They are about twice as large, and nearly twice 
as long as formerly, affording better support to 
overhanging chucks, and having lessened fric- 
tion per unit area, with increased wearing 


JR. 
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capacity. The enlargement of diameter must 
have come in any case, being rendered necessary 
by the now very general adoption of the hollow 
spindle—borrowed from the early automatic 
screw machines. This innovation has radically 
modified the designs of journal fittings. 

During two or three generations, the journal 
necks of the standard lathes were of conical 
forms, with various provisions for effecting 
minute adjustments, and for taking up wear. 
Mandrels and their bushings were made of shear 
steel, glass-hardened and lapped. But they 
were liable to seize with a rise in temperature. 
The largest lathes had parallel journal necks, 


running in divided bronze bearings, a design 
which has superseded the coned bearings for 
small lathes. The parallel bearings may be 
divided along the centre, similarly to those used 
for shafting. But in many cases, a solid bush 
is used, with three splits, coned on the outside 
to be drawn along with a ring nut at each end, 
which has the effect of closing them on their 
journal necks. End thrust is taken against 
washers or ball races. The coned form of bush 
is shown in Fig. 6 for the front bearing. That 
for the rear journal is similar. A great advan- 
tage which it has over the divided “ brasses ” is 
that wear being taken up equally all round, the 
height of centres is not affected, while in the 
other, the effect is to lower the spindle. This 
design is modified with the object of improving 
the lubrication. Pockets are sometimes formed, 
and occupied with fibre to hold oil. Or a deep 
well is cut for the oil which is distributed 
through diagonal channels, or with a loose 
revolving ring or chain. These improved forms 
are in a fair way of becoming displaced by ball 
and roller bearings, which are subject to prac- 
tically no wear, and are nearly frictionless. They 
are also used on the change gear spindles of some 
all-geared heads. 

An example of the fitting of roller bearings to 
take radial pressures, and double ball bearings 
to resist end thrust is shown by Fig. 7, the fitting 
being by the Hoffmann Manufacturing Co., Ltd., 
of Chelmsford. The inner roller races make a 
tight fit on the spindle. The two thrust races 
make contact between fixed rings, and one that 
runs freely. Annular grooves in the enclosing 
box seal the bearings against dust. Balls are 
also fitted for radial pressures, but rollers will 
sustain heavier loads. 

Feeding and Screw-cutting Arrangements. 
The location of the feed shaft in front of the bed 
below the lead screw, shown in Fig. 3 in the last 
lesson, is commonly utilized by the employment 
of the same sets of gears for feeding and screw- 
cutting. In the old lathes, and in some of the 
heaviest builds now, changes in sliding and sur- 
facing feeds are effected with a belt running over 
stepped cones, operating a shaft at the rear of 
the bed. Now the old “ back shaft ” is disposed 
at the front, and its changes are made through 
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gears derived from those in the headstock. They 
are enclosed in a box like those in the head, and 
are operated with levers moving over feed plates. 

In the best lathes now, neither the gear wheels 
for screw-cutting nor those for feeding are 
exposed, but all are enclosed in boxes, the hinged 
cover of which is thrown aside when wheels have 
to be changed. But much less changing is done 
than formerly for threading, and none for feed- 
ing. Generally, the two are associated with 
translation gears, instantly disconnected, and 
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both reversible. There are considerable differ- 
ences in the ranges embodied, and in the details 
of mounting and operation. In some a very 
large range is provided, in others a moderate 
one. The higher the specialization, the more 
restricted is the number of feeds. In Fig. 3 of 
the last lesson, which may be regarded as a fair 
standard, there are four speeds from a gear box 
to the right, below the headstock, changed with 
a lever, without stopping the lathe. They pro- 
vide for rates varying from 24 to 96 cuts per 
inch, or from 12 to 48 cuts per inch, as desired. 
From the box to the left, forty different threads 
can be cut with ten changes of gears. To the 
same lathe an alternative is provided in a quick 
change screw-cutting gearbox, which has ten 
wheels mounted in a cluster, cone fashion, with 
either of which a sliding wheel and tumbler 
meshes, moved witha knob. These are doubled 
by moving a lever on the box, and again doubled 
by changing one pair of wheels on the end of 
the box. With this fitting, the feeds can be 
increased to twenty. The screw-cutting and 
feeding can be geared up independently, but 
they cannot operate simultaneously, being pre- 
vented by a safety device in the apron. 

The Slide Rest. This differs from its prede- 
cessors in the fact that the apron is generally 
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double-walled now, enclosing the gears by which 
it is fed, and the spindles of which have two 
bearings instead of one with overhang. The 
sliding and surfacing motions, and the clasp nut 
for the lead screw are under instant control 
with knobs and levers at the front of the apron. 
The worm for feeding cannot be engaged when 
the clasp nut is in, nor vice versa. The hand- 
wheel seen in Fig. 3 operates the rack pinion for 
quick hand traverse. A provision is made 
which is valuable, though not very common— 
that of a dial seen at the left of the apron in 
Fig. 3, by which the clasp nut can be engaged 
with the lead screw at any position—required 
when threads are being finished or chased in 
several traverses when the clasp nut will only 
re-engage in certain positions. Without this 
aid, chalk marks are put on the change gears, or 
a line to indicate the correct location from which 
to enter the tool and start the cut afresh. Some- 
times, a backing belt from the countershaft 
reverses the lathe spindle, without disengagement 
of the nut. 

The Movable Poppet. This element has been 
subjected to many alterations and improve- 
ments, especially those for the heavy lathes 
where the thrust of the work driven between 


Fic. 8. A LoosE POPPET FOR A 
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centres is severe. They comprise more substan- 
tial outlines, the more secure fitting and clamp- 
ing of the spindles, the additions of dogs engag- 
ing in racks in the bed to resist thrusts, gears 
to facilitate the movements of the poppet along 
the bed, improved methods of fitting and bolting 
to beds, better dispositions of clamping bolts, 
and a more general adoption of the set-over 
design for turning tapers. 

In the lighter lathes, the spindle in the poppet 
barrel is fitted as in Fig. 8. The screw is turned 
with a hand-wheel, prevented from moving end- 
wise with a collar, but sliding the spindle longi- 
tudinally through the bush at the rear. The 

(Continued on page 183) 
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JIGS AND TOOLS 


By Lro KELSEY 


LESSON III 
LOCATION OF COMPONENTS 


Principles. When a component which requires 
a number of different operations to be performed 
upon it is to be produced in quantity, certain 
requirements must be considered before any 
tools are designed. 

The most important of these is to decide 
which function of the component is most essen- 
tial. To explain more fully, many components 
have one dimension which must be made to 
close limits, while all other dimensions would be 
satisfactory within very wide limits; again, 
other components must be within close limits 
on all their dimensions. Naturally, the latter 
type presents the greatest difficulty. When the 


Dogs 
Component 


FIG. 11 


dimension of greatest importance and therefore 
closest limit has been found, every effort should 
be made to design all tools to co-operate in 
maintaining the limits on the dimension. To 
all practical purposes, the foregoing considera- 
tion is decided by the method of locating the 


component in successive tools. The chief con- 
sideration now becomes the form in which the 
component will come to be machined. 


MACHINED FORMS 


There are five distinct forms—sheet or plate, 
bar, rolled, solid-drawn or butt-welded tubing, 
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extruded or rolled sections, iron, steel, malleable, 
or non-ferrous casting, forging, and drop or 
machine forging. All the foregoing have indivi- 
dual qualities which recommend them to the 
component designer ; at the same time the tool 
designer must be familiar with their peculiarities 
from a production standpoint. Sheet metal pro- 
duction is confined to press tools and does not 
concern us here; plate up to rin. thick is 
similarly confined. Bar of all types suffers from 
two disadvantages, variation of sections, and 
lack of flatness. Castings of all metal from 
distortions and skin hardness ; similarly drop 
and hand forgings, except that skin hardness is 
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comparatively rare. The following broad princi- 
ples will assist the inexperienced tool designer— 

When deciding the locations of an iron casting, 
work from a face which is likely to be least dis- 
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torted and locate throughout from it, never bore 
holes or drill first. Steel castings ; if the castings 
are already made, check up a number and find 
the face which varies least and then work from 
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it. Non-ferrous castings; machine the impor- 
tant portion first and then set the component 
from this portion for all succeeding operations. 
An example of each of the foregoing types of 
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FIG. 15 


components will now be shown, and the reasons 
for locating them given. The student should 
study these carefully, as the location of com- 
ponents is one of the most difficult of production 
engineering problems. 
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In Fig. I1 is shown a flanged sleeve which is 
produced in a powerful press. The material is 
2 in. steel plate. We are required to mill the 
dogs and drill six holes in the flange. The dogs 
must be central with the inside diameter, and 
the holes concentric with the outside diameter of 


In this case it is immaterial which 
For milling the dogs we 


the flange. 
operation we do first. 
shall locate by means of a spigot which is a good 
fit in the inside diameter of the bore and clamp 


the flange to the jig base. The taper A fits into 
the nose of the milling-machine dividing-head 
which indexes the work 180° after the cutter has 
cut the first dog. The next illustration, Fig. 12, 
shows the drilling jig; the location here is on 
the flange, therefore the ring R is made a good 


Component 
Fig. 17 


fit on the component. The base H merely serves 
to support the work against the drill and locate 
the ring R in correct relation to the drill clear- 
ance holes at P. The component is removed by 
slacking off the nut and removing the ring. In 
the turned component in Fig. 13 a hole has to be 
drilled in relation to the shoulder P, and central 
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with the shaft. This is accomplished in the drill 
jig shown. The vee-block is in the correct rela- 
tion to the drill bush, and the plate B locates the 
- shaft lengthways, therefore, should the diameter 
of the component and the position of the 


Component 
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Jig body 
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shoulder vary, it will not affect the position of 
the hole we must drill. 

A typical rolled section is shown in Fig. 14. 
The problem is to drill the hole in the centre, 
both ways. The drill-jig should be self-explana- 
tory. The locating clamp B is in line with the 
stationary nests (as they are called) P. The 


a a 


FIG. 19 


clamp B pushes the component, under spring 
pressure, against the stationary nest P. It 
should be noticed that the vees are curved on 
their faces—this is done in order that the least 
number of points on the component may be 
used for locating it. 

Castings. When deciding the points at which 
to locate castings, it is essential to endeavour to 
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use thick and solid faces, and the more heavy 
portion of the component, as should thin or 
slender projections be used, these invariably 
distort independently of the heavy portions, and 
therefore their position is not to be relied upon 
for locating purposes. 

We shall now consider the location of an iron 
casting as in Fig. 15. The first operation will 
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be to machine the base at G. This is done by 
supporting the opposite face of the casting on 
three spherical points and clamping over these 
as in Fig. 16. The surface of the clamps is 
made curved, to reduce the contact area and 
therefore the possibility of distortions in clamp- 
ing. It should be stated here that whenever a 
casting can be supported on three points to 


resist a cut, it should be done so, because when 
a plane surface is placed on three points it will 
be seen that, should the points be in different 
horizontal planes, the plane surface can still 
touch the three points. This is only true for 
three points : less or more destroys the princi- 
ple. The face which has been machined is now 
used throughout all succeeding operations as the 
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locating or “ working” face. Every effort 
should be made when machining such castings 
to obtain a similar face to work from. The 
location of a link is shown in Fig. 17. The 
operation consists of milling the bosses on 
face a, the component being held in a vice with 
one jaw suitably shaped. The next operation 
is to drill the two bosses. This is done by 
forcing the large boss into a vee formed by two 
round-nosed pins, as in Fig. 18. Castings or 
drop forgings of this type always have what is 
known as “ draft.” This is necessary in order 
that they can be easily removed from the mould 
or die, as the case may be. An example of 
draft is shown in Fig. 19. As the draft is 
liable to vary on each component, it is necessary 
to locate on the mean diameter. This is accom- 
plished by the contact points midway on the 
boss, as in Fig. 18. 

When locating a component on two holes, as 
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in Fig. 20, it is necessary to allow for the varia- 
tion in the position and diameter of the holes. 
This is done by making one of the locating pegs 
with a flat on each side, as at a, the flats being at 
right angles to a line passing through the centre 
ofthe holes. Due to the small area in contact on 
the peg with the flats, centre distance variation 
can be allowed. Diametrical variation is 
allowed by making the completing round peg 
to the smallest diameter allowed of the hole in 
the component. When locating on three holes 
the same principle is used, two of the pins having 
flats, as in Fig. 21. 

It may be stated here that, as far as is 
possible, no location should be movable, and 
where sliding or rotating locations are unavoid- 
able, ample provision should be made to take 
up wear. Locating faces should be so positioned 
that cleaning their surfaces of swarf and cuttings, 
etc., can be easily done by the operator. 
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front of the spindle is bored taper to receive 
the centre, which is pushed out when the spindle 
is drawn back to the limit of its traverse. The 
slight objection to this design is the overhang of 
the spindle when it is thrust far out. This is 
avoided in heavy lathes, by enlarging the screw 
and passing it through the hand-wheel as in 
Fig. 3, so giving full support to the spindle. 
The spindle is clamped in a split lug with a 
screw and lever. 

In the older lathes the poppet fits with a 
tongue between the shears, either with an 
eccentric spindle pulling the clamping plate 
against the lower edges of the shears, or with a 
bolt as in Fig. 8. More than one bolt is used in 
the larger heads, with levers formed with the 
nuts, and they are often brought high up as 


far as the barrel. A better method of fitting 
than that of a central tongue is that in Fig. 8, 
where it is pulled over against one shear only 
with a clamping plate making contact with an 
inverted vee on the shear, so that slackness is 
never developed and alignment is preserved. In 
several lathes the poppet slides on inner ways 
and the carriage of the slide rests on outer flank- 
ing ways. This gives a better bearing for the 
carriage, and allows it to be slid past the sides 
of the poppet. This is not exactly the case in 
Fig. 3, but there the poppet slides on two 
hinder ways, and the carriage has an extra bear- 
ing on a front shear, which is a narrow guide. 
The centre of the poppet and headstock are 
likewise set back in order to bring the pressure 
of the cut on the front shear. 
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FITTING AND ERECTING 


By JoserH G. Horner, A.M.I.Mecu.E. 


LESSON IV 
VICE WORK 


The Bench Vice. The largest proportion of the 
work done by the fitter involves the employment 
of the bench vice. This is not so highly elabor- 
ated as many of the machine vices are. It 
has, generally, a plain parallel grip only. But 
many minor appliances used in association with 
it, extend its utilities, necessary because pre- 
cautions have to be adopted when pieces of 
different shapes are held in the jaws. It is 
nearly invariably provided with jaws parallel 
in both directions, differing in this respect 
from the hinged-tail vice, used by blacksmiths. 
It is bolted on the work bench. For outdoor 
service on erections it is often carried on an iron 
stand, portable. 

Construction. In the common bench design, 
one jaw is fixed, the other is rendered movable 
with a square-threaded screw working in a nut 
attached to the underside of the jaw. The jaws 
are faced with plates of steel, case-hardened, 
screwed to them, and cross-hatched to afford a 
grip. There are some objections of a practical 
kind which arise in working, but the type is 
that, in most common use—retained because of 
the simplicity of the design. 

It is objected that when large ranges in the 
width between the jaws have to be made, time 
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is wasted. But actually, such changes are not 
frequently required, nor do they occupy very 
much time relatively to that which is spent in 
actual filing. But to meet this objection there 
are a considerable number of instantaneous grip 
vices in which the screw is mounted in eccentric 
bushes, so that it can be lifted clear with a 
rotary movement, and dropped into place again 
when the loose jaw has been slid along to its new 
position. In place of the usual square thread, 


a buttress thread is substituted. Another 
objection is, that as the faces of the jaws lie 
parallel with each other, they will only grip 
pieces that are parallel. These features are 
retained in the bench vices, but seldom in those 
which are used on the tables of machines. In 
these, the long continuous screw is abandoned, 
with the advantage that pieces can be passed 
down through the body of the vice. The loose 


Fic. 25. VicE Crams FACED WITH Woop 


jaw is made double. The gripping portion is 
thrust against the work with a screw in the 
hinder member, which is prevented from move- 
ment by means of teeth cut across its lower 
face that enter serrations on the base, and form 
abutments to resist the pressure of the tightening 
screw. With this fitting, the loose jaw can be 
swivelled to receive tapered pieces. It fits in 
the base with a cylindrical stem in a longitudinal 
slot, so forming the swivel. In machine vices, 
the faces of the working jaws fit against inclined 
faces, with clearance below, so that the applica- 
tion of pressure forces them downwards, taking 
the work with them to a bedding. 

Vice Clams. Around the common vice used 
on the bench by the fitter various aids accumu- 
late, to prevent damage being inflicted on the 
work by the jaws, and to accommodate articles 
of varied shape. 

The first concern generally is the protection of 
gripped surfaces. If these have not been tooled, 
but are black castings or forgings they can be 
held directly in the jaws. But brightly fin- 
ished surfaces would be scored or bruised by the 
serrations of the hard jaws. Clams of copper, 
brass, lead, or wood are therefore interposed. 
They should not be used indiscriminately on 
rough articles, for which they are not required, 
and which would be damaged by the embedding 
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of grit, scale, and filings in their soft surfaces. 
The common clams, Fig. 24, are prevented from 
slipping down and out of place by hammering 
the material over to take a bearing on the tops 
of the jaws. They can be cut from soft sheet 
metal, but some of stouter substance are cast 
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Fic. 26. A CURVED BACKING PIECE 
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in lead, in dies. Instead of the one-piece clams, 
stout facings are often screwed on thin sheet 
metal, Fig. 25. The materials used for facings 
are copper, lead, wood. When tapered pieces, 
as keys and cotters have to be held, a strip of 
hard wood is cut to the same taper and reversed. 
A strip used alone will only suit one taper, but 
if its back is curved it will adjust itself to 
variations, Fig. 26. 

Holding Shafts and Tubes. Round rods, 
tubes, and pipes present difficulties in effecting 
secure gripping. The reasons are that the con- 
tact of jaws alone would merely be line contact 
along opposite sides, which does not afford a 
sufficient grip, and that bruising is very liable 
to occur. And with thin pipes the additional 
objection arises that they are liable to become 
distorted from their circular forms. Shafts 
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and tubes may also have to be held in horizon- 
tal, vertical, or diagonal positions, with differ- 
ences in the methods of gripping. 

A very common and most useful appliance is 
the one-piece clam, Fig. 27, formed by bending 
sheet metal to support the shaft or pipe in a 
hemispherical portion, the piece resting on the 
tops of the vice jaws. This prevents the shaft 
from dropping when the pressure of the jaws 
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is released. Its disadvantage is that it will not 
take a range of diameters, so that several clams 
of different sizes must be kept handy when there 
is a run of miscellaneous work. Long pieces of 
shaft or tube require another support, in the 
form of a prop standing up from the floor, having 
its upper end cut into a vee shape in which 
the extreme end of the shaft is laid. A multiple 
pipe clam is used consisting of two pieces of 
wood having several semicircular recesses of 
different radii, or vee recesses. It is conveni- 
ent to unite them at one end with a spring loop, 
in order to maintain them in their proper loca- 
tions, and to throw them off the work on the 
release of the vice jaws. Shafts and pipes are 
commonly gripped between vee blocks. These 
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do not afford continuous contact, which is to 
be preferred, but they make contact at four 
places, and a single pair will take a rather wide 
range of diameters. Though used in pairs, 
Fig. 28, they are not united. Short pieces of 
bar, or pins and screws are held perpendicularly 
with clams of wood or metal, united with a deep 
spring clip going down between, and below the 
vice jaws. 

Many small articles—pins, screws, spindles, 
bolts, have to be corrected to effect slight reduc- 
tions, or to have tooling marks removed, or to 
be pointed. These are rotated with the ‘left 
hand, while the right manipulates the file. They 
are rotated in a filing block, Fig. 29, which is held 
in the vice with a stem. It usually contains a 
series of vees of different sizes to accommodate 
a range of diameters. Another class of work 
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consists of thin pieces, rectangular or circular, 
which are too thin to be gripped by their edges 
without suffering distortion and bending. These 
are laid on a filing block of wood, held in the 
vice if small, or on the bench if large. It hasa 
raised ledge at one side to resist the thrust of 
the file on the work. The ledge is straight for 
square pieces; for circular pieces, two strips 
enclose an angle. If a wide piece is thick 
enough to be secured in the vice by its edges, 
it may be supported against the pressure of the 
file over the intermediate areas on a block of 
wood standing up between the jaws, and in con- 
tact with the underside of the work. 

Unusual forms of grips have to be schemed 
to deal with the variety of work that falls to the 
lot of the fitter. Vee blocks in horizontal axes 
are sometimes required. A clamp may rest on 


the jaws, and be held with its bolt, while a very 
thin piece is tightened flatwise with an adjusting 
set screw. Flat objects may be held on the 
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jaws with a bolt gripped in the jaws to be 
filed, drilled, or tapped. Temporary jaws held 
in the vice may grip pieces at an angle. 
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THEIR CONSTRUCTION AND OPERATION 


By F. G. Wurprp, A.M.I.Mecu.E., A.M.1.H.V.E. 


LESSON I 
INTRODUCTION 


Fans in some form or other are known to have 
been in use from the early days of mankind, 
although with the advance of mechanical know- 
ledge, their construction has little in common 
with prehistoric devices, whilst the uses to which 
they are put are many and varied. 

From being a means of agitating air to pro- 
vide personal comfort, they represent to-day an 
indispensable factor of our industrial life, and 
it is no exaggeration to say that hardly a single 
modern industry exists that does not rely upon 
the use of mechanically-propelled or compressed 
air for one or more of its phases. 

One of the earliest industrial purposes for 
which fans were used was winnowing, which is 
the name given to the process of separating the 
chaff from thrashed grain. This was done by 
directing a draught of air over the grain from a 
hand-actuated fan, the former being of suffi- 
cient intensity to blow away the husks, but not 
strong enough to scatter the kernels. 

This process forms the basis of present-day 


separations by fans, although modern methods 
eliminate the human factor almost entirely. 

Primitive Fans. Palm fronds, woven rush 
sheets, and the like often served as a fan in the 
early days, and an example of the latter still 
survives in many tropical countries. In India, 
where the advent of the white man has made 
artificial ventilation essential, a rush mat 
suspended longitudinally from a pole over the 
resting couch is used to keep the air in motion. 
This fan is known as a “ Punkah,” and though 
usually worked by natives, its action being a 
gentle oscillating to and fro, it has of latter 
years been arranged for mechanical operation, 
generally through the medium of an electric 
motor with suitable gearing to convert rotary 
to oscillatory motion. 

Such a device does not create a current of 
fresh air, but simply maintains air movement in 
the chamber in which it is situated. A smaller 
counterpart of it is the common hand fan used 
by ladies in this country, and by both sexes 
in the East. 

Ceiling Fans. The province is now generally 
filled by the modern large-bladed ceiling fan, 
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commonly met with in restaurants, public 
buildings, ships’ staterooms, etc. It consists of 
a blade system of large sweep, with from two to 
four blades mounted on the shaft extension of 
an electric motor. The motor casing is fitted 
with a stem or stalk which terminates in a 
flange, by which the whole outfit may be 
suspended from a ceiling. The blades are 
usually of wood and quite flat, but metal blades 
are now becoming more common, and a curve 
is sometimes adopted in place of the purely 
flat surface. 

These biades are set within a metal spider in 
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of four-bladed fans. For purposes of volume 
calculation it is assumed that the air column 
is of equal area to the blade sweep, and that its 
direction is purely axial, so that the volume 
will equal 


Area of blade sweep x Velocity of column. 


Fig. 1 is a diagram showing the lines of a 
typical ceiling fan, and indicating by arrows the 
direction and relative velocity of air flow which 
have been taken from actual test observations. 
Although shown travelling radially, the direc- 
tion of flow is more or less coincident with the 
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such a manner that their inclination can be 
adjusted to the varying conditions under which 
they have to operate. Their sizes range from 
2 to 6 ft. over the blade tips. 

Speed. The speeds at which this class of fan 
runs is limited, inasmuch as they must be silent 
in operation, and the air velocity maintained 
must not be such as to cause unpleasant 
draughts. 

A peripheral speed of 4,000 ft. per minute in 
the case of the two-bladed fans, and about 
3,200 ft. per minute for the four-bladed appara- 
tus, will ensure silent running. 

Capacity.. Under normal conditions and with 
a blade angle of about 22°, which is usually 
adopted, the air column will have a mean axial 
velocity of approximately 14 per cent of the tip 
peripheral speed with two-bladed fans, and 
20 per cent of the peripheral speed in the case 


CEILING FAN 
Showing character of air delivery 


rotation, this tendency decreasing as the dis- 
tance from the fan is increased. 

These observations show that a maximum 
axial velocity is obtained before the centre of 
the blade is reached, after which, centrifugal 
force predominates and the particles are ejected 
outwards. 


TYPES OF AIR MOVERS FOR VARIOUS 
CONDITIONS OF VOLUME AND PRESSURE 


The two chief factors underlying the design 
of all air movers are volume and pressure, and 
the proportion of one to the other, broadly 
speaking, determines the type and proportions 
of the apparatus to be employed for their 
creation and maintenance. 

Free Air. The simplest form of air work is 
that which calls for the mechanical propulsion 
of a volume of air, which, during the whole of 
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its passage through any and every part of a 
system remains approximately at atmospheric 
pressure. 

The most economical apparatus for fulfilling 
this duty is a “ Propeller,’ or, as sometimes 
termed, a “ Volume Fan,” a typical example of 
which will be seen in Fig. 2. 

Low Pressures. When resistances have to be 
overcome, this fan ceases to be effective, except- 
ing in the case of very slight pressures not 


VOLUME OR PROPELLER FAN 


FIG. 2. 


Large volumes at atmospheric pressure 


exceeding 0:2 oz. per square inch. Even then 
efficiencies are impaired to some extent so that, 
generally speaking, propeller fans are usually 
associated with large volumes of free air. 

For low-pressure work up to about 4 oz. per 
square inch above atmosphere or equivalent 
vacuum below atmosphere, centrifugal fans are 
employed, and are known as low-pressure 
centrifugal fans. An example is given in 
Fig. 3. 

Blowers. For higher pressures up to about 
2 lb. to the square inch the centrifugal design 
is maintained, but proportions and mechanical 
construction differ, and whilst still a centri- 
fugal fan, the apparatus is distinguished by the 
term “ Blower.” See diagram, Fig. 4. 


ENGINEERING EDUCATOR 


This type of blower has of recent years been 
so rapidly developed that far higher pressures 
are possible by its use, and with mechanical 


Fic. 3. Low PRESSURE CENTRIFUGAL FAN 2 
Variable volumes at pressures up to 4 oz. per sq. in. 


modifications, including the use of a number of 
stages in series, pressures up to 30 Ib. per square 
inch and more are possible. 


Fic. 4. CENTRIFUGAL BLOWER 
Small volumes at pressures up to 2 lb. per sq. in. 
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TESTING AND PROPERTIES 


By R. G. Batson, A.K.C., M.Inst.C.E., M.I.Mecu.E. 


LESSON II 
TESTING MACHINES 


THE actual design of testing machines depends 
upon many factors, among the most important 
are— 

1. The kind of loading which is to be em- 
ployed, i.e. whether the load is tensile, com- 
pressive, shear, bending, or torsion. 

2. The magnitude of the loads, and the 
dimensions of the test sample. 

3. The accuracy required in the results. 

4. The kind of materials to be tested. 

5. The amount of floor space available. 

The simplest form of loading is direct by 
means of dead weights. This was the earliest 
„and is still the best method where the condi- 
tions allow it to be easily employed. The 
necessity for the use of weights larger than those 
which could be handled conveniently led to the 
introduction of the hydraulic press and lever 
type of testing machine. The simplest form of 
lever testing machine, shown diagrammatically 
in Fig. r consisted of an upper support (S) for 
the test piece (T), and a lower support (L) for 
the fulcrum of the lever (R). This arrangement 
was quite satisfactory where the extension of 
the test piece was small; where, however, the 
extension was appreciable, the lever dropped so 
much out of the horizontal as to introduce 
errors. It was then necessary to include a 
means of raising the lever as the extension of 
the test piece progressed. The units of a com- 
plete lever testing machine as developed many 
years ago still remain the same to-day. These 
units are— 

I1. A means of straining the test piece, such 
as an hydraulic ram or worm and worm wheel 
operated by hand or electrically. 

2. A method of measuring the load on the 
test piece. This is the lever of the lever testing 
machine, or the pressure measuring device in the 
hydraulic press type of machine. 

3. Holders for connecting the test piece to (I) 
and (2). 

The two principal types of testing machine 
now in common use are— 

I. The lever testing machine. 

(a) Vertical machine with a single lever. 


(b) Vertical testing machine with multiple 
levers. 

(c) Horizontal machine with multiple levers. 

2. Oil pressure testing machines, either verti- 
cal or horizontal. 

Machines of the first type are made in this 
country by W. & T. Avery, Ltd., Joshua 
Buckton & Co., Ltd., and Samuel Denison & 
Son, Ltd., while the second type of machine is 


ARRANGEMENT OF LEVER 


Fig. I. 


manufactured at Schaffhouse (Switzerland) by 
Alfred J. Amsler & Co. 


LEVER TESTING MACHINES 


In machines of this type it is essential that 
the arrangement should be designed so that— 


1. The load is applied to the test piece without 
shock. 

2. All the knife edges (including the centre of 
gravity of the counterpoise) are in the same 
plane. 

The reason for the first condition is obvious. 
If the second condition is not observed the 
leverage will vary as the lever changes its posi- 
tion during the test, and the machine will only 
read correctly for one particular position of the 
lever. For the great majority of laboratory 
tests a vertical testing machine (test piece 
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vertical) is suitable. Where test pieces over 
3 ft. in length have to be tested, a machine in 
which the test piece is horizontal is essential. 
The single lever (vertical) type of testing 
machine has been extensively used in this 
country but, on account of its smaller floor 
space, the compound lever machine, previously 
made almost exclusively in the U.S.A., is now 
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main knife edge of the machine, which is 
supported by the column C, forms the short arm 
of the lever. 

The counterpoise is made in two pieces, B, 
and B,, whose weights are in the proportion of 
4to I. By using both pieces a load of 20 tons 
is applied when the counterpoise is at the end 
of its travel. When the small piece B, is 


Fic, 2. 20-TON SINGLE LEVER TESTING MACHINE (Vertical Test Piece) 
(By W. & T. Avery, Ltd.) 


manufactured in this country by W. & T. 
Avery, Ltd., and Joshua Buckton & Co., Ltd. 
Single Lever Vertical Testing Machine. The 
general arrangement of a single lever vertical 
testing machine supplied by W. & T. Avery & 
Co., Ltd., is shown in Fig. 2. The majority of 
testing machines are fitted with shackles for 
carrying out tension, compression, and bending 
tests. The machine in the figure is shown with 
the bending shackles in position. The beam 4A, 
with its supports on which the bending test 
piece is placed, is connected through suitable 
rods and shackles to the knife edge on the 
weigh beam whichis behind the counterpoise B. 
The distance between this knife edge and the 


detached and used by itself, a load of 4 tons is 
obtained as a maximum. Thus the length of 
scale for 20 tons in the first instance is the same 
as for 4 tons in the second case, and a much more 
open scale is therefore obtained by employing 
the counterpoise B,, where the machine is to be 
used for a load not exceeding 4 tons. 

In this machine the strain is applied either 
by a worm and worm wheel D, worked by an 
electric motor E, controlled by the starter F, 
or by hand by means of the hand wheel G. 

Horizontal Testing Machine with Multiple 
Levers. A 100-ton horizontal machine, also 
constructed by W. & T. Avery, Ltd., is 
shown in Figs. 3 and 4. Fig. 3 shows the weigh 
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lever L connected to the grips G, through two OIL PRESSURE TESTING MACHINES 


Machines of this type are made by Alfred J. 
A 50-ton universal machine is 
shown in Fig. 5. It is a vertical machine and 
consists of three units, viz.— 


I1. The press or actual testing machine P. 


links P and M, and a bell crank lever B. 
A Hele-Shaw pump H operates the hydraulic Amsler & Co. 
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Fic. 3. 100-TON HORIZONTAL TESTING MACHINE Fic. 4. 100-TON HORIZONTAL TESTING MACHINE 
(Lever end) (Pressure end) 
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Fic. 5. 50-TON AMSLER UNIVERSAL Fic. 6. DYNAMOMETER FOR AMSLER 


y TESTING MACHINE TESTING MACHINE 
straining gear R, shown in Fig. 4; this latter 2. The dynamometer and recording apparatus 
figure also shows the second set of grips Gs. D 
The bed of this type of machine can be made 3. The oil pump O. i 
any length to suit the maximum distance that The force needed to strain the test piece T 


is required between the grips G, and G,. is produced by the pressure of oil acting on a 
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ram in the same way as in a hydraulic press. 
There is this difference, however, whereas in the 
hydraulic press a cup leather is required to 
ensure water-tight working, with this machine 
the ram in the cylinder is fitted with great pre- 
cision so as to allow a very slight percolation 
of oil to take place between them. By this 
means all friction is eliminated and the pressure 
of the oil is proportional to the load on the test 
piece. This pressure is measured by the dynamo- 
meter D, which is shown in more detail in Fig. 6. 
The small cylinder p is connected to the cylinder 
of the press, and the pressure in this cylinder 
is the same as that in the cylinder of the press. 
Under the influence of this pressure the piston 
is partly pushed out of its small cylinder and, 
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by its motion, produces an inclination of the 
pendulum B by means of the connecting rods 
G, and G,, the cross yoke Y, and the lever J, 
which is secured to the spindle H of the pen- 
dulum. 

The pendulum is inclined until the reaction 
of the small piston, due to the pendulum’s 
inclination, exactly balances the action of the 
oil pressure on the piston. The inclination of 


the pendulum is, therefore, the measure of the 
pressure acting on the small piston, and conse- 
quently a measure of the load exerted by the 
testing machine. 

The pendulum is connected to a calibrated 
dial A, and also to an autographic recording 
apparatus R. 
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By A. R YOUNG, OBE M.1.E.E. 


LESSON III 
CONDUCTORS OF ELECTRICITY 


In the previous lesson it was pointed out that 
the electrical system was superior to any other 
system, for rapid and economical transmission 
of energy, owing mainly to the ease with which 


Fic, 5. SECTION or HIGH VOLTAGE POWER CABLES 


electrical energy can be transmitted through the 
medium of a simple conducting circuit. This 
fact, per se, is sufficient justification for consider- 
ation of the materials used for conductors. 

All pure metals are relatively good conductors 
of electricity, silver and copper being best. 
Copper of a high degree of purity is used very 
extensively in electrical engineering, on account 
of its high conductivity and relatively low cost. 
for distribution cables, windings of electrical 
machinery, and telephone wires, copper is used 
exclusively. In Fig. 5 is shown a section of a 
heavy twin, paper-insulated, lead-covered, high 
voltage cable, as employed for high tension 
power distribution mains, whilst Fig. 6 illus- 
trates the use of insulated copper conductors 
in the stationary windings of a large turbo- 
generator. Aluminium is sometimes used for 
heavy switchboard connections and generally 
for high-voltage un-insulated overhead trans- 
mission lines, when the bare wire is supported 
by porcelain insulators carried by steel struc- 
tures of great height and strength. A typical 
example is given in Fig. 7. Iron is used for 
telegraph wires, and on all electric tramways and 
railways the steel rails form the return path for 
the electric current. 

Laws of Resistance. In determining the 
resistance of a length of conductor of uniform 
section, four factors have to be considered, viz.— 
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(a) The length of the conductor, denoted by 
the symbol /. 

(b) The cross-section of the conductor, denoted 
by the symbol A. 

(c) A factor called specific resistance, depend- 
ing upon the nature of the material of which 
the conductor is made, and denoted by the 
symbol pş. - 

(d) The temperature of the conductor, denoted 
by the symbol T. 

If, for the time being, we neglect temperature, 
the resistance of a length of conductor of uni- 
form section can be calculated from the formula 


l g 
RP XJ ; 5 : 4 = (8) 
Where, 


R = resistance of conductor in ohms at 0° C. 

l = length of conductor in cms. 

A = cross-section of conductor in sq. cms. 

p = specific resistance of material in ohms 
for a cm. cube at 0° C. 


Nore. In applying this formula, the units 
chosen must be consistent. That is, if p is 
expressed in ohms for an inch cube, then / and 
A must be expressed as inches and sq. in. 
respectively. 

The specific resistance is defined as the resist- 
ance between two opposite faces of a cube of the 
material maintained at o° C., when each side of 
the cube is Icm. long. The term specific 
resistance per cubic centimetre should never be 
used, as a little consideration will show that a 
cubic centimetre can have infinite variations of 
land A, and therefore cannot have any definite 
value of resistance. The specific resistance 
applies only to a centimetre cube which can have 
but one value of resistance. As the specific 
resistance of a centimetre cube of any metal is 
an extremely small fraction of an ohm, it is 
usual to express the value in microhms, a 
microhm being one-millionth of an ohm. 

Electrical conductors are, for convenience, 
made of circular cross-section, in sizes con- 
forming with standard wire gauge (S.W.G.), 
ranging from No. x S.W.G. (0°3 in. diameter) to 
No. 48 S.W.G. (0-016 in. diameter). Standard 
electric cables are generally made up of a certain 
number of conductors of small diameter stranded 
together. For example, a common size used 
for industrial purposes is 7-22 cable consisting 
of seven conductors of No. 22 S.W.G. 

EXAMPLE. Calculate the resistance of a field 
coil wound with 1,000 turns of No. 18 S.W.G. 
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copper wire insulated with a double coating of 
cotton thread covering (designated D.C.C.) given 
that the mean length per turn is 2ft. The 
specific resistance of copper is 1-57 microhms per 
cm. cube at 0° C. 


Fic. 6. STATIONARY WINDINGS OF LARGE 
TURBO GENERATOR 


Diameter of No. 18 S.W.G. wire = 01048 in. 
nd? m x (0:048)? 


4 4 
= 000181 sq. in. 


Cross-section = A = 


Length of wire = Z = 1000 X 2 X 12 = 24,000 in. 
157 


Tof ohms for a cm. cube. 


Specific resistance = p = 


Reducing to the inch system 
1°57 
C754. X to! | 


0-616 
10° 


Summarizing, we have 
A = 000181 sq. in. 
l = 24,000 in. 
0-616 
(OS ohm 


Iof 


From equation (8), we then have 
o'6I10 _ 24,000 
ro® “o-00181 


8-1 ohms. 


Resistance of coil = R = 


At air temperature, or when carrying current, 
the resistance of the field coil will actually be 
higher than 8-1 ohms, this being the resistance 
calculated for o° C. In order to determine the 
resistance at some temperature higher than 0° C., 
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it is necessary to carry out a further calculation, 
but this will be referred to later. Such a labori- 
ous calculation as shown in the example is 
rarely necessary, since wire manufacturers 
supply wire tables giving the resistance per 
1,000 yd. at normal temperature for each size 
of conductor. Knowing the length of conductor 
in yards, the resistance at normal temperature 
can readily be determined by multiplying the 
figure given in the wire table by the factor 
Length in yds. 
1,000 


When a current of electricity flows through a 
conductor, it becomes heated, and the amount 


Stranded Conductor 


Three Tier 
Porcelain Insulator. 


Fic. 7. METHOD oF SUPPORTING OVERHEAD ` 
CONDUCTOR ON HIGH VOLTAGE SYSTEM 


of heat generated is proportional to the square 
of the current. Therefore, if a limit is fixed for 
the temperature rise, as is usual, to prevent 
damage to the insulation, then a limit is neces- 
sarily fixed for the current-carrying capacity 
of the conductor. A safe working limit is 
I,000 amp. per sq.in. of section for copper 
conductors, and 600 amp. per sq. in. for alumin- 
ium. On small sizes the current density can be 
increased well beyond this limit, and the ruling 
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of the Institution of Electrical Engineers, per- 
mits of this being done. 


EFFECT OF TEMPERATURE ON RESISTANCE 


The effect of temperature on the resistance of 
all pure metals is to increase the resistance about 
0'4 per cent for every degree centigrade rise. 
Carbon is peculiar in this respect, since it has a 
negative temperature coefficient, the resistance 
decreasing as the temperature rises, whilst the 
metal selenium changes its resistance when 
exposed to strong sunlight. 

If a given coil has a resistance of 1 ohm at 
or @, and the temperature be increased by 
1°C., the resistance will increase by a small 
amount, which we shall call @ ohms, and this 
will be the increase for each successive 1° C. 
rise in temperature. 

We can therefore write— 


Resistance of coil at o° C. = 1 ohm. 
i sa 1° C. = (x + a) ohms. 
50 A 2° C. = (1 + a2) ohms. 
a - T° C. = (1 + aT) ohms. 


Substituting for 1 ohm, a resistance of R, ohms 
at o°C., then each ohm resistance would 
increase to (I + aT) ohms at T°C., and the 
total resistance at T° C. would then be 


Resistance at T°C. = R, = R, (1 + aT) 
: 6 k ARG) 


The factor a is called the temperature coefficient, 
and may be defined as the resistance increase in 
ohms per 1° C. rise in temperature of a resistance 
of I ohm at 0° C. 


EXAMPLE. Calculate the resistance of the 
field coil in the previous example at a normal 
temperature of 15° C. 


Resistance of coil at o° C. = R, = 8-1 ohms, 

Temperature coefficient of copper = a = 0°00428. 

Resistance at 15°C. = 8-1 {1 + (15 X 0-00428) } 
= 8-61 ohms. 
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PIONEERS OF ENGINEERING 


By J. F. Corrican, M.Sc., A.I.C. 


LESSON IV 


PRACTICAL MECHANICS 
FOUNDED 


ROBERT HOOKE (1635-1702) 


Mucu is due to the labours of Robert Hooke in 
developing the art of elaborating various types 
of mechanisms for divers uses. Throughout his 
life, Hooke was a close 
follower and admirer of 
Boyle. But whilst the 
latter individual gave 
himself up to the study of 
abstruse and entirely theo- 
retical matters, Hooke was 
more practically minded, 
and his genius showed it- 
self in the construction of 
an exceedingly large num- 
ber of useful and at that 
time entirely novel and 
unprecedented mechanical 
devices. 

As a mechanician and 
engineer, Hooke investi- 
gated the properties of 
different arrangements of 
rotating toothed wheels 
and pinions. He was one 
of the first to fully appre- 
ciate the principles of 
mechanical gearing. Hooke 
invented several types of 
watch and clock mechan- 
isms. Further, he showed 
the connection which exists 
between the height of 
the barometer and the 
state of the weather. He also suggested that 
temperature-recording instruments (thermome- 
ters) would serve a more practical use if the 
freezing and boiling points of water were 
permanently and accurately marked on their 
scales. 

Hooke was deeply interested in the problem 
of obtaining motive power from steam. He 
constructed and experimented with many of 
the steam fountains and pumps of his day, and 


An Earty Microscope oF Hooke’s Day 


he went so far as to propose a steam-engine 
working on the principle devised at a later date 
by Newcomen. For some reason or other, how- 
ever, he did not succeed in constructing an actual 
working model of this proposed engine. 

One very important branch of Hooke’s work 
consisted in his development of the microscope 
and of its practical utilization in the determina- 
tion of the microscopic structure of various 
natural and artificial ma- 
terials. The microscopes 
at the command of Hooke 
were but very primitive 
instruments. They had 
low magnifying powers, 
and almost totally un- 
corrected lenses. Despite, 
however, these imperfec- 
tions in the instruments 
with which he had to 
work, Hooke made a num- 
ber of important observa- 
tions on the structure of 
materials. He showed, for 
instance, that even metals 
which were capable of 
taking upon themselves 
the highest degree of polish 
had, under the microscope, 
a grained, and even a crys- 
talline structure. And he 
seems also to have realized 
the fact that the degree of 
brittleness of a metal is 
connected with its micro- 
scopic crystalline structure. 

Thus Hooke began the 
science of the structure of 
materials, a science the 
development of which very quickly proved itself 
to be indispensable to the engineer. 

Hooke was born in 1635 at Freshwater, in the 
Isle of Wight. Like Boyle, he had delicate 
health, but nevertheless, he lived to a greater 
age than the latter scientist. Hooke held for a 
time the secretaryship of the newly formed Royal 
Society, there coming into frequent association 
with the celebrated Sir Isaac Newton. He died 
in 1702 at the advanced age of 86. 


196 


ENGINEERING EDUCATOR 


WORKS ORGANIZATION AND MANAGEMENT 


By E. W. Workman, B.Sc., A.M.1.E.E., ETC. 


LESSON III 
TYPES OF ORGANIZATION 


Results of Good Organization. The possession 
of a good organization should result in the 
following definite advantages— 

I. Better conditions for the individual and 
better opportunities for advancement. 

2. The development of a team spirit resultant 
on the knowledge which each employee gains of 
his relationship to the different people working 
with him. 

3. The elimination of waste, i.e. increased 
efficiency. 


2. Waste of time, due to— 

(a) Unnecessary movements. 
time and motion study.) 

(b) Unnecessary handling. The proper organ- 
ization of transport and handling methods will 
have the greatest effect on this element of waste 
time. 

(c) Wrong sequence of operations. When 
operations are not performed in the right se- 
quence having regard to other dependent opera- 
tions, time is lost. 

(d) Wrong division between skilled, semi- 
skilled, and unskilled labour results in waste 
time. 


(Eliminated by 


General Manager 


Works Manager 


Production 
Engineer 


Superintendents Employment 


Manager 


Foremen 


Drawing 


Office Dept. 


Receiving Shipping Stores Finance Costing Estimating Accounting Sales 


Dept. Dept. 


Fic. I. 
Causes of Waste. Waste may be of three 
kinds— 

I. Waste of material, due to— 

(a) Wrong material. The right quality, size, 
or shape of raw material must be taken into 
consideration along with the questions of price, 
availability, and the function that the finished 
part has to perform. These points must be 
- settled by co-operation between the different 
departments interested (the purchasing, design- 
ing, and manufacturing departments), and in a 
good organization facilities for such co-ordina- 
tion must exist. 

(b) Wrong methods of manufacture. It must 
be remembered that a small economy in material 
might involve a large waste in time ; time must 
always be considered in conjunction with 
material. 

(c) Wrong tools. 


Technical Manager 


Planning 


Chief Engineer Commercial Manager 


Power Transmission Maintenance 


Heat, 
Light 


Rate-fixing 
Dept. 
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3. Waste of energy, due to— 
(a) Waiting time of idle machinery. 
(b) Wrong speed of working. 
(c) Bad use of tools in an inefficient manner. 
A good organization will tend to eliminate 
waste in all these different directions. 
Departments Required.. In order to manu- 
facture an article— 
I. The article must be ordered. 
It must be designed. 
. The raw material must be obtained. 
. The operations required must be detailed. 
. The order of precedence must be arranged. 
Instructions must be issued. 
7. The raw material must be issued from 
stores, 
8. The shop operations must be done. 
g. The job must be inspected. 
to. The article must be taken back in store. 


DAWN 
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rz. The article must be packed. 

12. The article must be shipped. 

The organization must provide for the efficient 
performance of all of these twelve operations. 
Whether a separate department is required for 
each of these operations, or whether one depart- 
ment may handle several of the functions 
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for everything that happens in the works. 
Under him, and directly responsible to him, 
come four senior officials— 

I1. The Works Manager. 

2. The Technical Manager. 

3. The Chief Engineer. 

4. The Commercial Manager. 


Works Manager 


Technical 
Manager 


Setting & 
Performing 


Tools & 
Equipment Speed 


Production 


| 
Routing. & 
Precedence 


Plant 
Manager 


Discipline 


Individual Workmen 
Fic. 2. 


depends on the circumstances of each case. 
Still all the different functions are necessary, 
and exist whether they are grouped together 
into special departments or not. The claim 
of scientific management is that they should be 
so grouped, and that the grouping increases 
efficiency, and does not necessarily involve 
unproductive work. 


Line Organization. In this (the most usual) 


oe eee Seg ee ay Manager 
a 
Works 


FUNCTIONAL ORGANIZATION 


The Works Manager. This official is head of 
all the departments which deal with the actual 
manufacturing. These include the employment 
department for the engagement of workers, the 
production department (unless combined with 
the planning department), the shop superinten- 
dents and foremen, and the actual machine 
operators, labourers, etc. 


The Technical Manager. The departments 


Commercial Purchasing Drawing 

Depts. Agent Manager Office 

: Production Inspection Plant Engineer 
Employment 
& Technical Repairs,Heat, 

Light, Power, 

Investigation, Foreman Foreman Foreman Foreman Transmission 
Rate -fixing, 
Routing Operators Operators Operators Operators 


Fic. 3. COMBINATION ORGANIZATION 


type of organization, every individual receives 
all orders and information from one person only 
—the official who comes immediately above him. 
A typical arrangement of the officials of a large 
engineering works under this scheme of organiza- 
tion is illustrated in Fig. 1. At the head of 
affairs, under the board of directors, comes the 
general manager, who is ultimately responsible 


for which this officer is responsible deal with all 
the technical details of manufacture, such as the 
design of parts, the making of drawings, the 
planning of operations, time study and rate 
fixing. 

The Chief Engineer. Here lies the control of 
all the different types of maintenance depart- 
ments which are responsible for the upkeep 
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and repair of buildings, machinery, transport, 
and other plant. These departments are also 
responsible for the provision of power to run the 
machinery. 

The Commercial Manager. This officer is 
responsible for a mixed collection of depart- 
ments, such as those dealing with the supply and 
control of capital, the order department which 
deals with customers, the purchasing depart- 
ment which buys the raw material, and the 
shipping and warehousing departments which 
deal with the finished goods. 

The relative importance of the different depart- 
ments will depend entirely on the particular 
conditions found in each different works. 

Functional Organization. This differs from 
line organization in that each staff member, 
instead of having control of his immediate 
subordinates, controls only certain functions 
performed by these subordinates. Each staff 
man is a specialist in a particular function and 
controls that function throughout the works. 
The various experts who take the place of the 
former foremen come directly under the works 
manager, and their services are at the disposal 
of each operator. They are responsible for the 
correct carrying out of the particular function 
which each directs. This type of organization 
is illustrated in Fig. 2. 


, 

Combined Organization. The ideal organiza- 
tion is, however, probably found in a combina- 
tion of the line and functional types of organ- 
ization. This method is illustrated in Fig. 3, 
where the different foremen are shown as 
relieved from various duties which have been 
turned over to specialists. 

Executive and Technical Staff. In the com- 
bination type of organization the staff naturally 
divides itself into two parts— 

I. The executive staff, which is responsible for 
giving orders and keeping the processes of 
manufacture going. 

2. The technical staff, which act in an advisory 
capacity to the managers, and have not got 
authority to issue executive instructions. 

Advantages of Functional Organization. Each 
member of the staff is given the work for which 
he is most adapted, and by specialization is 
enabled to develop and become highly skilled. 
Responsibility is more marked, and there is less 
tendency to shirk technical difficulties. By the 
application of a far greater amount of skilled 
specialist knowledge the manufactures benefit 
in both quality and quantity of production. By 
combination with line organization these advan- 
tages may be obtained, and the disadvan- 
tages connected with discipline and leadership 
avoided. 


ENGINEERING SPECIFICATIONS 


By ARTHUR P. Hastam, M.LE.E. 


LESSON TI 
TWO POINTS OF VIEW 
(a) THE PURCHASER’S 


HAvING seen the general need for a specification 
to serve as a basis of comparison in engineering 
work, the next thing to consider is what a 
specification should contain. It will be agreed, 
that on the one hand, it shall be a protection to 
the customer, so that he obtains what he asks 
for; and on the other hand, that it shall pre- 
vent any unjustifiable demand being made upon 
the manufacturer. It is conceivable that at 


times the two parties may interpret a specifica- 
tion to a contract very differently. They con- 
sider it from their own point of view, and their 
interests may unconsciously colour their deci- 
sions. One is the purchaser who naturally 
wants good value for his money, the other is the 
manufacturer, who, while desirous of doing good 
work, equally naturally wants as much money as 
he can get for it. 

For this reason, contract specifications should 
contain a clause submitting any disagreement 
as to interpretation to some independent dis- 
interested party. It is very usual to say, that 
in case of disagreement, an arbitrator shall be 
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appointed by the President of one of the great 
engineering institutions. Looking at a speci- 
fication for a moment from the customer’s point 
of view, it should define— 

(a) What he wants. 

(5) And how he can get what he wants at 
the lowest cost. 

It should not define a process or a series of 
processes by which the article he needs can be 
made, since these methods may have been dis- 
carded by the most up-to-date manufacturer, 
who, because of his progressive policy can 
supply the article made in a different way and 
at a lower price, but complying with the same 
final tests. 

So far as the materials themselves are con- 
cerned, the tests specified to be applied should 
be simple, effective, and general, so that there 
can be competition between different makers. 

For instance, taking a common substance— 
Portland cement—the usual test is to mix a 
sample with water in a certain way, make a 
cake of a definite size and shape, leave it for 
a given time and then measure the force needed 
to break the cake in two. This test tells you 
exactly what you require to know, namely, the 
strength of the cement when set. It can be 
tried on a number of small samples of the 
material without disturbing the remainder, and 
it does not exclude competition. The same 
principle applies to tests on other materials. 
The customer wants to be sure that all the 
material supplied to him is uniform in quality, 
but he does not wish that any test should be 
applied to the bulk which may weaken it or, in 
any way, cause it to deteriorate in quality. 
Similarly, if the specification applies to a 
machine, it should state the results required 
and leave out as many details of construction 
as possible. Only in this way will reasonably 
low costs be obtained. 

The secret of high quality combined with low 
prices lies in what is termed “ mass ”’ or multiple 
production. Here the cost of special patterns 
and the extra charges which a first sample 
always needs are eliminated, and large savings 
in manufacture may be effected. It is always 
to the customer’s advantage to use standard 
patterns of machines, provided they can meet 
his essential requirements. In the planning of 
large works, or the carrying out of such engin- 
eering undertakings as large bridge building or 
railway work, the purchaser is largely in the 
hands of the consulting engineer or expert 
whom he employs, and must rely upon his 
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ability to obtain for him what he needs, viz., 
the best and most efficient work at the lowest 
outlay. 

Purchasers of machinery should always bear 
in mind that in calculating the final cost of a 
machine, two factors should be considered, 
first cost and cost of working. A machine may 
have a low working cost by reason of its design, 
or by reason of its excellent manufacture it 
may have won a high reputation. Its first 
cost may be somewhat higher, but its total cost 
calculated over a period of time may be lower 
than that of an apparently low-priced machine. 
It is in determining the correct relation between 
first cost, cost of working, and probable freedom 
from breakdown, that the engineering and com- 
mercial skill of the purchaser or his adviser 
comes in. 

The general conditions which should be 
embodied in an engineering contract are of 
vital importance to the purchaser. They should 
be considered before adoption, and ought 
carefully to guard his rights. These, however, 
are dealt with in a later chapter, so need not 
further concern us here. 


(b) THE MANUFACTURER’S 


The great value of a written specification to 
the manufacturer is that it defines and limits 
his liabilities, and secures to him payments for 
work done at given definite dates. 

It should not be forgotten that the aim of the 
manufacturer of any material or machine, or 
of the contractor for any engineering work, is 
to give satisfaction to the purchaser, and by 
doing so to secure further orders. There are, 
however, so many possibilities outside his own 
control that unless he knows exactly what he 
is liable for, and what it is he contracts to supply 
or to do, only two courses are open to him. One 
of these is to make his price high enough to 
cover all the risks involved in the work, or he 
must specify and define what it is he contracts 
to supply or to do. 

This is what is meant by limiting his liability. 

The cement manufacturer wants to sell his 
cement, get payment for it, and have no further 
responsibility about it. He therefore agrees 
that small samples shall be taken and submitted 
to specified tests, and on the results of those 
tests the bulk is accepted or rejected. Or he 
may constantly submit samples of his manufac- 
tures to these tests in his own laboratories, and 
pass for sale only that material which has the 
required physical properties, Such material 


200 


is given a trade name, and as time goes on, if 
the quality is maintained by the constant 
application of the tests, the material is accepted 
by virtue of its reputation. 

The steel maker acts on the same principle. 
He decides upon the composition and method of 
manufacture of some quality of steel he desires 
to sell, sees that it complies with certain speci- 
fied tests, looks to it that all his material is 
uniform and gives the same results when sub- 
mitted to the same tests, and then he knows 
what he sells, and can tell whether it will meet 
his customer’s requirements or not. Instances 
have come under the writer’s notice, where in 
the case of materials which had to have special 
magnetic and electrical qualities, manufacturers 
have spent fortunes in tests, researches, and 
examinations of reputed faults, in order to 
establish, upon sure foundations, a reputation 
for excellence and uniformity of quality. 

The high-class manufacturer welcomes the 
insistence, by the purchaser, on the application 
of generally accepted tests to samples of his 
materials, because he knows his goods will meet 
the requirements. He resents, however, any 
dictation by the purchaser as to the processes 
he should use to obtain his results, as this 
limits the exercise of his manufacturing skill, 
and indirectly increases the price. This quali- 
fication is, if anything, more important where 
the customer wants a complete machine and is 
often tempted in preparing a specification to 
define, not only results, but also how these 
results should be obtained. 

The manufacturer claims that if he can pro- 
duce a machine which will meet successfully his 
customer’s requirements, it does not matter how 
he does it. He trades on his knowledge of 
materials and craftsmanship, and if, at a fair 
price, his work stands the tests agreed on, it 
should be accepted. On a larger scale, the same 
line of reasoning leads to the demand, by the 
contractor for large engineering works, that in 
the supply of individual machines or tools he 
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should have as free a hand as the class of work 
allows. 

In the assembly, however, and the methods of 
overcoming engineering difficulties caused by 
the site or other causes outside his control, the 
contractor should be protected by the specifica- 
tion. It is here that the ability of an engineer 
preparing a specification for a complex engin- 
eering work comes in. It is his duty clearly to 
define results and to indicate specifically what 
he wants, taking responsibility for the general 
features of his plans. In the case of, say, a 
bridge, his drawings must give the dimensions to 
be worked to, for the responsibility rests on 
him. He should not, however, give such 
detailed instructions that the contractor is 
merely a puppet in his hands. If he does, the 
contractor takes no responsibility for results, but 
only for the quality of his work. The specifica- 
tion should also provide, from the manufac- 
turer’s point of view, for due payment for the 
work as it proceeds, and for the termination of 
any liability on his part at the end of a specified 
limited period. 

There is one other aspect which should be 
borne in mind when dealing with specifications 
for, say, machines or tools. It is how far the 
purchaser’s personal predilections should stand 
in the way of the supply of a manufacturer’s 
standard products. Before any single machine 
or tool can be produced, a very large expense in 
design, preparation of drawings, pattern-making 
and trial work must be undertaken. This cost 
is, in practice, divided over a large number of 
tools, each tool being of the same design. The 
price of the tool is based on this division of the 
initial costs over a number. If, however, a cus- 
tomer demands either alterations to standard 
patterns or a new design which only he will 
use, it can only result that the price charged will 
seem to be very high and out of proportion to 
that of another manufacturer, whose standard 
pattern happens to coincide with the purchaser’s 
likes. 


Owen A. Price, M.I.MeEcH.E. 
Hydraulic Engineer to Messrs, Glenfield & Kennedy, Lid, 
Engineers, Kilmarnock 
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By W. G. BicKLEey, M.Sc. 
Lecturer in Mathematics, Battersea Polytechnic 


= LESSON V 
LOGARITHMS—(contd.) 


Logarithms of Fractions. Referring back to the 
method of finding the logarithm of a number 
greater than 10, it will be seen that it really 
amounts to expressing the number in “ stand- 
ard form,” the index of the ro giving the whole 
number part of the logarithm. Similarly, for 
a fraction 


000215 = 2°15 X 10% 
= Jo:384 x 193 


To get the index we have to add -3324 and -3. 
Since, however, the decimal part of the index 
(or logarithm) comes from the table, and the 
whole number part from the position of the 
point, we do not want to mix them up. We 
cannot write the — 3 in front of the -3324 for to 
do so would make it look as though the — re- 
ferred to all, and not to the 3 only. So we write 
the — on top of the 3, thus 

3°3324 (say, bar three point three three two 
four), indicating that the 3 is negative, but the 
-3324 is still positive. Note the connection 
still between the whole number and the number 
of places the point has to be moved to get it to. 


the standard position, 0-00215 (3 places). 


Thus, log. 0-00215 = 3°3324. 

Similarly, 

log. 0:0387 = 2'5877 (2 places, :5877 from 
table), 

log. 0:0002857 = 44559 (4 places, etc.). 

Look up the logs. of : 004125, 04125, 
00004125, 0°0315, 0:00972. The answers are 
2:6154, I-6154, 46154, 2:4983, 3°9877. | 

If the foregoing is clear, there will be no 
difficulty in looking up antilogarithms. For 


instance, to find antilog. 3-5176, the decimal part 
gives us (from the table) 3-294, and the 3 tells 
us to move the point 3 places (putting in the 
necessary zeroes), SO 

antilog. 3.5176 = 0-003294. 


14—(5462) 


Look up the antilogs. of 31-2715, 30441, 
7-9215, and 2:3317. The answers are 01868, 
0001107, 0:0000008347, 0:02146. 

Now to use these in multiplication and divi- 
sion. When these negative whole number parts 
occur, we must use the rules for adding and 
subtracting negative numbers that were ob- 
tained in Lesson IV. These may be summed up 
in the statement that — means go “ the other 
way,” or “ do the opposite.” 


1:1399 (log. 0138) 


(a) 0-138 X 000216 3:3345 (log. 0-00216) 


= 0:0002982 _ -= 
(antilog. 4:4744)| 44744 (adding) 
| 
_ The decimal part is added as usual; adding 
I and 3 gives 4. 


1:6464 (log. 44°3) 
4:4624 (log. 0*00029) 
21088 (adding) 


(b) 44:3 X 0°00029 _ 
= 0:01284 (antilog. 2-1088) 


I unit to carry from the addition of the decimals 
this and 1 and 4 give 2. 
26191 (log. 416) 
21139 (Jog. 0°013) 
(c) 416 X 0-013 X 0:0020 3:4150 (log. 00026) 
= 0:01406 (antilog. 2:1480)| 2-1480(adding) 


I to carry from decimals; 1 + 2+ 2+ 3=2. 


Now a few divisions. Remember throughout 
the “ change sign ” rule for the subtractions. 
(log. 01000312) 
(log. 0°187) 


44942 

(d) 01000312 + 0'187  |12718 
= 0:001669 (antilog) |z 
ar 3:2224 (subtracting) 


Subtracting the decimals leads to no difficulty ; 


changing the sign of the I it becomes -++ I ; 
+ rand 4 give 3- 
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1:2455 (log. 0176) 
(e) 0176 — 22:8 1:3579 (log. 22°8) 


= 0:007720 (antilog.) 


3:8876 (subtracting) 


Subtracting the decimals, we have to borrow I ; 
pay back, and the I of the lower line becomes 
2; changing sign, this becomes 2; 2/and T 
give 3- 
1:2455 (log. 0176) 
(f) 0-376 + 0100228 3:3579 (log. 000228) 
= 77:20 (antilog.) 


1°8876 (subtracting) 


I to borrow; paying back to the 3 makes it 
2; changing the sign gives + 2, +2 and I 
give + I. 
1:1897 (log. 15°48) 
(g) 15°48 + 3325 _ 3°5217 (log. 3325) 
= 0:004656 (antilog). 


3:6680 (subtracting) 


I to pay back making the 3 into 4; 4 from 1 
gives 3. 

One longer example, with a fraction having a 
complex numerator and denominator. 
1:6628 
57993 


73385 
2°4314 


2°18 X 0027 KO 107" 3°4621 
46 X 0:000063 = 


= 0:5665 = 


(h) 


In the first column we have first written the 
logs. of the numbers in the numerator and 
added them, writing the log. of 0-167 twice 
since 0'167? means 0-167 X 0167. In the 
second column we have written the logs. of 
the numbers in the denominator, and added 
them. This latter is transferred to the first 
column and subtracted from the first sum, giving 
the log. of the answer. 


EXERCISE No. 7 


1. Evaluate, using logarithms— 
(a) 0053 X 0:0072 

(b) 0-152 X 0216 X 0335 

(c) 2517 X ©0263 

(d) 387°2 X 000442 
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010041 
0:0172 


o-or7I 
0:00082 


(jee (8) 


0:00315 


(e) 


(i) 0:0315 ( ZE X 153 (0 0:0042 X 13°6 X 0'142 
663 0-016 X 8-31 207 X 0:00368 

2. Find the weight of a steel column 12 ft. long and 

3'5 in. in diameter, the weight of a cubic inch being 


o'28 lb. Volume of cylinder = 0-7854d*/, d being 
diameter and / length. 


3. Find the weight of a steel sphere 2-2 in. in dia- 


meter. (Volume, 0-5236d3.) 
Seer sie i ir- & 
(j= oaae Find 4 if f = 0:005, l = 5280, 
Gas Se and AE 
8 3, 
5.6 = -o Find v f e = 0:75, d = 0AE 


224, and D = 3, taking C = 1-2 X to’. 


POWERS AND ROOTS 


Further Rules of Indices. Some of the formu- 
lae we have used in the preceding lessons have 
involved powers of the quantities occurring in 
them, and upon changing the subject this will 
lead to the necessity of finding roots. Powers 
caused no trouble in the use of logarithms, 
since a power is a product, and so we merely 
wrote the logarithm as many times as the 
index of the power told us there were factors. 
Roots are not quite so simple. There is no 
easy arithmetical method of extracting anything 
worse than the square root of a number. Loga- 
irthms will remove this difficulty, and to see how 
we will first obtain the necessary rules of indices. 


Suppose we want (23). This means 


(aj? x (2)° x GY x (2) = 2) 


since the final index is the sum of four 3’s, i.e. 
4X 3. By examining similar instances, the 
rule will be evident. 

To find the power of a power, multiply the 
indices. Thus— 

(32)3 = 3°; (a*)5 = a2; (wh) = wil ; 
in the last example the bracket means that the 
whole of its contents is to be squared, so we 
multiplied both the indices by 2. 

Powers by Logarithms. Now a_.logarithm is 
an index, so the rule for logarithms will be the 
same as for indices. Consequently 

To find any power of a number, multiply the 
logarithm by the index of the power, and look 
up the antilogarithm. 
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Examples— 


"5024 (log. 3°18) 
3 (index) 


1:5072 (multiplying) 


(a) (3:18)? 
= 32°15 (antilog.) 


7 1°4487 (log. 28-1) 
(b) (28-1)8 5 (index) 


= 1-752 X I0 


7°2435 (multiplying) 


(We have expressed the answer in “ standard form ”’ 
instead of writing all the o’s for figures our tables do 
not find, and which we do not need in practice.) 


1:4393 (Jog. 0°275) 
(c) (0-275)4 4 (index) 
= 0:005718 Z nr 
—— 3°7572 (multiplying) 


Here multiplying the decimal part gives 1 to 
carry; 4 X I is 4; rand 4 give 3. 

Evaluate, using logarithms, 

(t-25)°, (1-16), (513), (0:065)%, (0-00854)*. 
The answers are: 3:052, 9'279, 6:924 X I0", 
0°0002746, 5'321: X 10°. 

Roots. A root is the inverse of a power, 
i.e. by the fourth root of a number we mean 
another whose fourth power is the first number. 
In symbols, 


a = b if at =b. 


Consequently the rule for roots is the inverse 
of the rule for powers; instead of multiplying 
the indices, we must divide by the index of the 
root. Thus— 


34/26 — 22, 44/qi2 = a, Vwi = wl 
(The 2 indicating square root is never written.) 


Roots by Logarithms. The corresponding 
rule for finding the root of a number by means 
of logarithms is, then, 

To find any root of a number, divide the 
logarithm by the index of the root, and look up 
the antilogarithm. 


EXAMPLES— 
(a) 34/314 (index) 3)2:4969 (log. 314) 
= 6-797 (antilog.) (dividing) -8323 
21830 4)5°3391 
(b) 4144/218300 153397 


=) 21-62 


(We took the nearest figure in the fourth place in 
the division, as we are only using four figure tables.) 


(c) V/0-0716 2)2:8549 
= 0:2675 


Herce eT the 2) went ‘exactly, In 
some cases the divisor will not exactly divide 
the whole number part of the logarithm, and 
since the remainder is negative, we cannot carry || 
it and mix it with the positive decimal part. 
To get over this difficulty, when it occurs, we 
make up the negative part to the next highest 
whole number that is exactly divisible, and put 
it right by adding a positive number to neutral- 
ize the extra negative number we put in. For 
instance, to divide 5 by 3, make it up to 6 
(putting in 1) and then add x (+ 1) to make it 
right, the I being then carried in to the decimal. 
Thus 


3)5°2486 
is thought of as 
3)6 + 1:2486 
2:4162 


The answer is obtained in two parts; the 2 
upon dividing the 6 by 3, and the -4162 by 
dividing the 1:2846 by 3. In practice it is 
convenient to cross out the 5 and write the 6 + 
I above, thus 


6+ 2 
3) 52486 
24162 


In the same way, to divide 5 by 4, write it 8 
+3; to divide 7 by 3, write it 9 + 2; and so 
on. (Of course, when the negative part ts 
exactly divisible, there is no need for this 
dodge.) 


Examples (contd.)— 


3+2 
34/0-1Q5 D E 
(d) o 1:7633 
(e) 44/ 0*00001372 8+3 
= 006085 4) 51374 
27843 


Evaluate: 41-8, 3/43600, V 0'035, V/0:0077 
14/01175, 54/0-000000234. The answers are: 
6:465, 35°20, 0-1871, 0:08775, 0°5855, 004719. 
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Formulae Containing Roots. It may be of 
service to give a few examples and hints upon 
the use of logarithms in evaluating formulae 
containing roots. Here, as always, an orderly 
manner of setting out the work, together with a 
preliminary survey of the things to be done with 
a view to obtaining them in the most convenient 
order, will do much to reduce labour and to 
increase accuracy. 


EXAMPLE I. The diameter (in inches) of a 


shaft to transmit H h.p. at N r.p.m. is given 
by 


G 83H 
g=, 
N 


Find the diameter of a shaft to 
transmit 12 h.p. at 150 r.p.m. 

Here it will be seen that we must first find 
the value of the fraction, then divide its loga- 
rithm by 3. However, since the value of the 
fraction will be found by the use of logarithms, 
it will not be necessary to look up the antilog. at 
the end of the first stage. With explanations 
in brackets, the work will appear— 


_ JE 


eS Xx T 
150 


= e70 Any 


d log. 83) 


3) -8222 
274I 


subtracting) 
dividing) 


EXAMPLE 2. The velocity of water in a 
channel is given by v = Cmi, where C is a 
constant depending upon the roughness of the 
bottom and sides, m is the “ hydraulic mean 
depth,” and 7 is the gradient. Find the speed 
in a channel of mean depth 4:5 ft., the gradient 
being 0-016, and taking C = 108. 

Here we must take the root before we can 
multiply by C, and we must multiply m and 7 
before we can take the root. The work will 


appear— 
76532 (log. 4'5) 
2°2041 (log. 0-016) 
v= CV mi 2)2°8573 (adding) 


1°4286 (dividing) 


= TOG >< V45 X 0-016 2°0334 (log. 108) 


= 28-97 ft./sec. 


114620 (adding) 


EXAMPLE 3. ‘The greatest safe load that can 
be supported by a column of circular section 
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din. in diameter and L in. long is given by 
Hie oe eee ees i 
S V being in tons and E being 


Young’s modulus in tons/sq. in. Find the dia- 
meter of a steel column 12 ft. long to support 
15 tons, E being 13,000 tons/sq. in. 

Here we must first “ change the subject ” of 
the formula tod. The steps are (cf. Lesson II)— 


Ed! 
OS aes 
16L? W = n? Ed! 
g — PEW pa T 
gles Fi =a 


For the numerator of the fraction, which must 
be worked out before the root can be taken, we 
first find twice the log. of L, then add the logs. 
of 16 and W ; for the denominator, three times 
the log. of m and add the log. of E ; subtract ; 
divide by 4. Thus— 


an 16 L2W 
w = SS 
mE 


TOX TATS 
T X 13,000 


= 1-875 in. 
2°1584 (log. L) 
2 
43168 “4971 (log. 7) 
1:2041 (log. 16) 3 
11761 (log. W) 1-4913 
6-6970 4:1139 (log. E) 
5:6052 5'6052 (adding) 
4) 1:0918 — 


(Note that L was brought to inches according to 
instructions.) 


EXERCISE No 8 


1. Find the diameter of a circle when the area is 
(a) 50 sq. in., (b) 0-15 sq. in. 

2. Find the diameters of spheres whose volumes are 
(a) 85 cub. in., (b) 0-25 cub. ft. 

3. Find the diameter of a pipe to deliver 10,000 
gals. per minute, when the velocity of flow is 4 ft./sec. 
(6-24 gals. = 1 cub. ft.) 


4. Q = 42 ae - Q being the discharge in cub. ft./ 
sec. through a pipe / ft. long, d ft. in diameter, due to a 


head Aft. (a) Find the discharge through a 3 ft. 
pipe 1 mile long, due to a head of 20 ft. (b) A pipe 
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io miles long has a gradient of 1 in 80, and is 15 in, 
in diameter. Find the discharge in gallons per hour. 


5a 278 7° Ae Bind lif r= 1-75, E= 30,000, , 


W=6. 


Fractional Indices. In taking the root of a 
power, it may happen that the index of the 
power is not exactly divisible by the index of 
the root. 
a fractional index in the answer. For instance, 
1a = al, Vx = xt, and so on. We see thus 
that the meaning of a fractional index is this: 
Numerator means raise to a power ; denomina- 
tor means take a root. Also, the order of these 
two is immaterial. If the root can be taken 
exactly, it is preferable to take it first, and then 
raise to the power. If logarithms are used, it 
is perhaps better to raise to the power first 
(by multiplying the log.) and then take the root 
(by dividing the log.). Examples— 

(a) 4? = V4 =2. 

(Cet EEVT 2 8, 


VA 


In such a case our rule will lead to` 


205 
(e) 95 = (Vo) = 38 = 243 
or Of = 97? — 9? X of = 8m X 4/9 
== ie A 
Evaluate: 25%, 81%, 64%, 323, 273, 93, 3}. 


The answers are: 5, 3, 4, 4, 9, 27, I°732. 

Of course, we can also have negative frac- 
tional indices ; the meaning of these should be 
clear if we understand what fractional and 
negative indices separately mean. Thus— 


The index may also be written as a decimal, 
and formulae with decimal indices are not 


uncommon in engineering applications. They 
will be dealt with more fully later. 
ANSWERS TO EXERCISE No. 6 
Tee Osi 7 aes 2S, a Or ate 75: 3 
2. B E 24 C rS; D30 E - 8.  2an to 
left of A. 
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By Gro. W. Birp, WH.Ex., B.Sc., AMI MEcCH.E., AM.LE.E. 


LESSON V 
SHEAR STRESS AND STRAIN 


IN Lesson I we studied the effects of a force 
which acted upon a body and set up a state of 
direct stress. We have now to turn our atten- 
tion to the action of a force, which results in a 


a b F a_a b b 
A i 
Fi 
A h ay t 
FIG. 16 Fic. 17 


shear stress being set up in the material together 
with the accompanying shear strain. 

In Fig. 16, abcd represents a piece of material 
which is subject to the two equal pulls F and 
F, which act along parallel lines but in opposite 
directions. On any plane ee there is induced a 
shear stress, and this results in a shear strain or 
distortion somewhat as shown in Fig. 17. We 


have already defined strain as being any dis- 
tortion or alteration in shape, so that in this 


bb, 


case the shear strain is ie 


= the angle ¢ stated 


in radians. 
Referring to Fig. 16, should the stress become 
too great for the resistance of the material, 


ii b 


e e 
F 
d C 
Fie. 18 


F 


fracture accompanied by sliding will take place 
as shown in Fig. 18. Thus, we may say that 
shear stress is such as tends to cause sliding of 
one face over the other at the section con- 
sidered, and shear strain is the distortion accom- 
panying shear stress. 


* 
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COMPLEMENTARY SHEAR STRESSES 


One theorem concerning shear stresses which 
we shall need when considering the stresses in 
shafts, beams. etc., subject to compound stress, 
is stated as follows: A shear stress acting on 
one plane requires an equal shear stress on planes 
at right angles to the first to produce equilibrium. 
Consider the equilibrium of the rectangular 
block abcd, Fig. 19, which is of unit thickness 


Fic. 19 


perpendicular to the plane of the paper. A 
shear stress of intensity f acts on the opposite 
faces ab and cd, and since (stress X area) = 
force, we have a shearing force = (f x ab X 1) 
acting on each face ab and cd. Now these two 
forces form a clockwise couple 


= (f X ab X I) X arm of couple 
=fxabxixbe . ; - (z) 


To produce equilibrium of the block it must 
be subject to an anti-clockwise couple, and this 
can only arise from a shear stress acting on the 
faces bc and ad. Let q be the intensity of this 
shear stress. The shearing forces on the faces 
be and ad=qx be XI=qXad XI; and 
the moment of the couple so formed 
=q xX be xX abx1 2 ; ; 2) 

For equilibrium (1) = (2) 

ory Xab X 1 xX bo=@¢ x be x ab & x 
Mo IP GE 

Two important practical cases of Shear 
Stresses will now be considered. 


I. RIVETED Joints 


_ Rivets Subject to Shear. The usual assump- 
tion made in this case is that the shearing stress 


EN, 
ae ae see ee 
hmiieranss" cC] 
SE 2 ae, 

Fic. 20 FIG. 21 


is uniformly distributed over the cross-section 
of the rivet. 


ENGINEERING EDUCATOR 


A rivet in single shear is shown in Fig. 20; the 
Pen 
(dia.)? x m 
Fig. 21 shows a rivet in double shear, and 


since the total pull is spread over two rivet 
sections the shear stress 


Ps 
“2% da) tr 7°. - 
In designing the riveted joints of boilers the 
figure 2 in (3) is replaced by 12 or 1% to allow 


shear stress on the rivet section aa = 


FIG. 22 


for the bending stresses to which the rivet is 
also subjected. 

EXAMPLE. A diagonal member of a large 
bridge girder is subject to a tensile load of 
112 tons. The member is composed of a flat 
plate Tin. X 16in., joined to the boom and 
vertical member by a gusset plate and two 
cover plates. Find the shear stress in the 
rivets, there being 18 rivets rin. diameter in 
each half of the cover plates. Consider a rivet 
in double shear to possess 13 times the resistance 
of a rivet in single shear. (See Fig. 22.) 

nd? 
Area of I rivet section = —— 


4 


7 4 
” ” » =] Sq. in. 


, ; T 
Area of 18 rivets (2 sections) = 18 X 4% ri 


1267 p 
= 5 oe 


” ” ” 


shearing force 
— total area of rivet section 
TIA XAO 
= 326 X r 


Shear stress 


= 4'527 tons’ per 
sq. in. 


” ” 
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2. CIRCULAR SHAFTS 


Shafts Subject to Shear Stress. The assump- 
tion made regarding the distribution of shear 
stress over the cross-section of a shaft is quite 
different from that for a riveted joint. Here 
we assume that the intensity of shear stress is 
proportional to the distance from the centre of 
the section, and hence, the shear stress is a 
maximum at the outer surface of the shaft. 

Consider the shaft shown in cross-section in 
Fig. 23. Let there be an imaginary elementary 
ring of radius x and width dx. Imagine that 
the shear stress at radius x is q. Then across 
the whole surface of the ring there will be a 
total shear force 

= area X Stress 
or shear force = 27%.0% X q : ee) 


This force is everywhere a tangential one 
which produces a torque, 


Torque = 27%.0% X q X % : » 


Now if f is the greatest shear stress (at 
radius R), then on the above-mentioned assump- 


: ae 
tion, Fir 
Seas 
OGG Pin: é = 3) 


Hence, torque due to stress on elementary ring 


Z 
= 27%.0% RA 


= fanx.dx X #7} X 1 -H 


For the whole of the shaft, the sum of the 
torques will equal the total twisting moment 
applied. This is usually expressed by using 
the sign X, which means “‘ sum ofS: 


Hence, total torque T = KATA ON X x?) 
(5) 


Now the sum, 2(27%.6% x x?) is clearly the 
sum of the areas of annular strips multiplied 
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by the square of their respective radii. This 
quantity is so important that it is given a 
special name, and is known as the Polar Second 
Moment of Area or Polar Moment of Inertia, 
and we shall represent it by the symbol J. 

Hence, writing J for L(amx.dx X x*) in 
equation (5) above, we have— 

Led 
jit $ =- © 

Calculation of J for Shaft. We shall consider 
the hollow shaft first, and then interpret our 
result to suit the solid shaft which we may 
consider as a special case in which the inner 
radius is zero. 

In the cross-section shown in Fig. 23,consider 
a very thin concentric ring of width ôx. The 
area of this ring = 27%.0x. 
Multiplying the area of this 
ring by the square of its dis- 
tance from the centre we 
obtain 27x.6% X x, which we 
call the Polar Moment of 
Inertia of this ring. As we 
require the Polar Moment of 
Inertia of the whole ring, we 
must add up the Polar Moments of Inertia 
of all such elementary rings which go to form 
the complete circular cross-section. To do this 
we employ the Integral Calculus as follows— 


Fic. 23 


*=R 
Total J = 2n AX 
omit aes 
ae 
2T T 
A = E 
Ue a a E - (7) 


Now we may apply (7) to the case of the solid 


shaft if we remember that 7 and d are zero 
D4 
and ., J forasolidshaft = a eo) 


D = external diameter 
d = internal diameter 


R = external radius 
y = internal radius 

ANSWERS TO EXERCISE No. 4. 
I. 63°36 in. II. 3:87 tons per sq. in. 
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MACHINE CONSTRUCTION AND DRAWING 


By G. Woop, A.M.1.Mecu.E. 


LESSON IV 
ECONOMY 


Economy of Line. In the last lesson we observed 
the advantages to be gained from a reduction 
in either the number of views or the number of 


Fie. 2 


lines on a drawing. We shall now take a com- 
mon example of line economy. Fig. xı shows an 
enlarged view of the screwed portion of a bolt. 
To make a sectional view of the screwing would 


= 
a 


Fic. 3 


7 
/ DIA WHIT, 


Fic, 4 


necessitate the drawing of the threads at the 
specified angle and depth as shown in Fig. 2. 


Such geometrical construction is not only 
tedious, but unnecessary, and the orthodox 
manner of showing a screw thread is as shown in 
Fig. 3. 

The construction of this figure is as follows. 
Lines are drawn representing the outside edge 


78 pa Howe 
Fic. 6 


of the screw thread, and lines are next drawn 
parallel to the first lines representing the dia- 
meter of the screw at the bottom of the thread. 


Fie. 7 


The pitch of the screw $ (which is equal to the 
reciprocal of the number of threads per inch) 
is marked along one of the lines, as at ab, 
Fig. 3, and a point c is marked on the 
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Also, if an outside view is to be shown, the 
threads being helices, the outline of each thread 
will take the form of a curve as shown in Fig. 1. 


opposite line projected from an inter- 
mediate position between the points a 
and b. Next, a line is drawn between c 
and one of the points a or b, the direction 
being determined by the order of the 
screwing. Regarding the order of screw- 
ing, if imparting a clockwise motion to a 
nut screws it on to a bolt, the threads 
are said to be right hand, if the same 
motion screws the nut off the bolt then 
the threads are called left hand. In draw- 
ing an outside view of a right-hand screw, 
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the lines representing the threads will rise in 
moving from the left to the right. Lines repre- 
senting the remaining threads are now drawn 
parallel to the line ac, at a distance apart equal 
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remarked, in a previous lesson, how a machine- 
part, if composed of circular sections, can be 
fully represented in a single view. This 
economy of view can be extended to the 
machine-part having 
sections of both circular 
and rectangular form. 
The circular portions of 
the outline are defined 
by the term dia., and 
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to the pitch p. Next, heavier intermediate 
lines are drawn between the above lines, and 
joining the lines representing the diameter of 
the screw at the bottom of the thread. 

With practice, much of this detailed construc- 
tion can be dispensed with, and a sufficiently 
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accurate view can be provided by simply draw- 
ing the lines representing the outside dia. of the 
thread and, having marked off one 


the rectangular portions 
are noted by the pre- 
sence of diagonals drawn 
across that part of the 


view which is flat. An 
example is given in 
Figs. 5 and 6. Fig. 5 


gives a full geometrical 

representation of the 
part, and Fig. 6 shows how the addition of the 
term dia. and the diagonal lines across the flat 
face in the side elevation. allows a deletion of 
the end elevation. It should be noticed that in 
dimensioning a machine-part in the above 
manner the first of the two dimensions given 
refers to the view shown. 

The machine-part shown in Fig. 7 is a forged 
steel crankshaft for a small steam reciprocating 
engine, and provides an example of a detail 
which can be fully shown in two views. At this 
point we would suggest that, until one obtains 
a mastery of the art of machine-drawing, it is 
advisable to preface the work of drawing with 
a freehand sketch of the views, and so learn if 
any of the three views can be dispensed with. 
Making a sketch of the side elevation we find 
that this view alone does not give a complete 
idea of the form of the shaft. The shaft and 
crank-web are fully represented by this view 


pitch p, both the angle of screw and 
the distance between the lines can be 
guessed as the drawing proceeds. To §& 
complete the drawing, giving sufficient ."® 


information to the workman to proceed 
with the machining, it is only necessary 
to dimension the screwing as shown in 
Fig. 4. Where the threads are finer 
(i.e. of a smaller pitch) than the Whit- 
worth Standard, it is sufficient to re- 
place the word Whit. with number of 
threads per inch. Further cases of 
economy of line will occur, in the examples 
taken, at later stages in our subject. 


Economy of: View. We have already 
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combined with the dimensions, but the outline 
of the crank-webs remains undefined. Proceed- 
ing with a sketch of the plan view we indicate 
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more outline of the crank-webs, but still fail to 
provide a complete delineation. Finally, mak- 
ing a sketch of the end elevation we show the 
missing information regarding the outline of 
web. Further, it will be seen that the plan view 


Fic, 11 


can be eliminated and that a complete drawing 
can be made consisting of two views, the side 
elevation and end elevation. These views are 
shown in Fig. 8. 

The Part View. Another example of economy 
of view is to be found in the case where a portion 
of the machine-part is fully represented in one 
view, the remaining portion requiring an 
additional view. We have such an example in 
the piston-rod shown in Fig. 9. Making a free- 
hand sketch of the part we find that a side- 
elevation and plan view will provide a complete 
drawing. Also we observe that the circular 
sections are fully represented in the side eleva- 
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tion, thus allowing the greater part of the plan 
view to be deleted. The completed drawing is 
shown in Fig. 10. The space saved in the above 
example may be utilized for the title of the 
drawing and other particulars, whilst the scale 
adopted could, as a consequence, be a maximum. 

As an exercise in drawing we recommend the 
student to make freehand sketches and finished 
drawings of the crankshaft and piston-rod, 
shown in Figs. 7 and 9. Also, as an additional 
exercise in neatness and speed, we suggest an 
extension of the exercise given at the end of 
Lesson II. With the same foundation lines 
ab and cd, Fig. 11, again mark off points at 
distances of 4 to 3in. (with increments of 
3 in.) along oa, and with these points as centres 
describe arcs having a radius of 4in. Next 
draw vertical lines tangential to the arcs, and 
approaching but not intersecting the line cd. 
Now draw arcs at a tangent to the vertical 
lines, and with 4 in. radius, having their centres 
on the line cd. Proceed in a clockwise direction, 
and so complete the figure. 

The joints between the straight lines and the 
arcs should not be apparent in the completed 
diagram. The latter may afterwards be inked 
in or traced, when it will be found that consider- 
able care is required to avoid unsightly joints 
and to maintain parallelism between the lines. 
The extra trouble required to produce a work- 
manlike result will be well repaid when the 
student reaches a more advanced stage of the 
work. 
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By E. B. Core, B.Sc. 


LESSON V 
HEAT ENGINE CYCLES—(conid.) 


WE shall next consider an ideal constant volume 
cycle, i.e. a cycle in which the gas takes in all 
its heat while its volume remains constant, and 
rejects its heat under similar conditions. 

Dr. Otto was the first to devise an actual 
engine to work on a cycle approximating to 
this ideal, the heat cycle taking place in four 
strokes of the engine, and this “ Otto four- 
stroke cycle ” is the mechanical cycle upon 
which most modern gas and petrol engines 
operate. 

Air, again, is taken as the working substance. 
Fig. 8 shows the PV diagram for this cycle, 
in which a given mass of air at an initial con- 
dition represented by the point (1) is supposed 
to be compressed adiabatically to the point (2). 
That is, work is done on the gas equivalent to the 


P Vi- P.V, 
y-I 
lb., or, since no heat is supplied or rejected, the 


work done is equal to the gain of internal energy, 
and can, therefore, be expressed as 


Work done on gas 
= wk,(T,— Ti) heat units. 


The gas then receives heat at constant volume, 
rising, therefore, in pressure from (2) to (3). 

The heat supplied = wK,(T;- T 2) heat units. 
Then, after receiving its heat, the gas is allowed 
to expand adiabatically, therefore doing work 
which, as before, may be expressed as a loss of 
internal energy, i.e. 

Work done by gas = wk ,(T,— T,) heat units. 
The expansion continues until the volume of 
the gas V, is equal to the initial volume Vj, 
when heat is rejected at constant volume, the 
pressure falling from (4) to (1). 

Thus, the heat rejected = wk ,(T,— 
units. Let us consider these results— 


area under the curve, namely, ft.- 


T,) heat 


We have, net work done 
= area 1234 
= area b344 — area b2ia 
= wK,(T;— T,)- wK,(T, - 


or, alternatively, . 


T) 
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net work done 
= heat supplied — heat rejected 
= wK (T; - T.) - wK,(T,- T) 
a result which reduces to the previous one. 
Then the thermal efficiency 
work done 
~ heat supplied 
wk,(T;—- T,)-wk,(T,- Ti) 
oy wK ,(T;— T) 
eae 
B T-T, 
P 
V 
Now =V, and V= Vi 
Frati 
or T 
Va ees Ty) + 
But P = a y-: and n lle 
T; E La 
mo er a T 
: iyo ay 
again. To =F, 
2 


5 ah Ta da 
that is T; = T ip 


Pe ares | ort 
ut since T CV. 
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.. the thermal efficiency becomes 
1 Veale 
a y] 
Vy 


Topas 3 
25 p= H where y = ~-~ , the ratio 
r Ve 
of compression. 

Thus, with a perfect gas as the working sub- 
stance, the thermal efficiency of the Ideal Otto 
cycle depends only on the ratio of compression 
adopted. 

Now the extreme temperature limits of this 
Otto cycle are Tą and 7,;—hence, if an engine 
were to work on the Carnot cycle between these 


V 
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same two limits of temperature, the thermal 
i T=- The , 
efficiency would be - T or I-7, while 
3 3 


r L 
on the Otto cycle it is I-— T Hence, as T, 
2 


is greater than T,, the thermal efficiency of an 
ideal heat engine working on the Carnot cycle 
is greater than that for the Otto cycle, having 
the same maximum and minimum tempera- 
tures. 

From a consideration of the thermal effici- 
encies of these two cycles which have been 
described, the student will probably, and rightly, 
ask: What is the greatest fraction of the heat 
supplied that can theoretically be converted 
into work, or, in other words, what is the maxi- 
mum efficiency it is possible to attain, and what 
type of heat cycle will give this efficiency ? 

To answer this we must study in more detail 
how the working substance receives and rejects 
its heat, and must now become acquainted with 
the Second Law of Thermodynamics, which 
states that— 

Heat will not pass up from a colder to a 
hotter body of its own accord. 
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We can force it to pass up as will be 
explained, but otherwise heat always flows 
from the higher to the lower level of temper- 
ature. 

As previously stated, a heat engine acts by 
making the working substance take in heat 
from a hot body and reject heat to a cold body, 
thereby effecting changes in its volume which, 
taking place against external resistances, cause 
mechanical work to be done. In other words, 
heat has been allowed to flow from a hot body to 
a colder body in such a manner that a portion 
of the heat in passing down has been converted 
into mechanical work. 

Suppose the PV diagram shown in Fig. 9 
represents such a cycle; then we have seen 
that we follow round the cycle clockwise, and 


the area cross-hatched \\\\ represents the work 
done by the substance, the amount of heat A, 
it is necessary to supply to accomplish this being 
determined by our fundamental equation. 


Heat supplied = work done by substance + 
Gain of internal energy. 


In like manner the area ///// represents the 
work done on the substance, and heat of 
amount H, will be rejected as determined by 


Heat rejected = work done on substance + 
Loss of internal energy. 

Then since the substance returns to its original 
state on completion of the cycle, the net change 
of internal energy that has occurred is zero. 
Hence, the area enclosed by the curves forming 
the cycle, which represents the useful work 
done W by the working substance, is equal to 
the heat supplied minus the heat rejected, i.e. 
Wiig ei 

Suppose, now, that it is possible to follow 
round the cycle in an anti-clockwise direction, 
then everything is reversed ; expansions become 
compressions, and vice versa, and the interpre- 
tation of the process is, that by performing, by 
some external agency, an amount of work W 
on the working substance as represented by the 
area enclosed by the curves forming the dia- 
gram, we cause this substance to take in heat 
from the colder body of an amount H, (equal 
to that originally rejected above), and are 
enabled to “ pump up ” this heat to the higher 
level of temperature, and reject to the hot body 
an amount of heat H, equal to the heat received 
plus the work done, ie. H, = H, + W, or the 
net work done on the substance is equal to the 
heat rejected minus the heat taken in. 

We have, in fact, a “ reversed heat engine ” 
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or refrigerating machine, which is enabled con- 
tinually to abstract heat from a body that is 
colder than its surroundings, and to force this 
heat out at the higher level of temperature of 
the surroundings. 

The student should clearly understand that 
in speaking of “reversible cycles” it is the 
heat cycle to which we refer, and reversibility 
has nothing whatever to do with changing the 
direction of rotation of the engine itself. 

Now Carnot has shown that a heat engine 
will have the maximum efficiency if the cycle 
upon which it works is strictly reversible in the 
manner explained. His argument is as follows— 


Consider two heat engines A and B working 


between the same two temperature levels, and 
let A be reversible, while each produces the 
same amount of mechanical work = W. Sup- 
pose also that the amount of heat taken in by 
A at the higher level of temperature is equal 
to H, of which “ on its way down ” an amount 
W is converted into useful work—then if we 
reverse this engine we shall reject an amount 
of heat H at the higher level by performing on 
the working substance an amount of work W, 
by driving the engine. 

For this purpose we can couple up the engine 
B to A, since B can produce an amount of 
work W. 

The two machines thus form a self-acting 
system unaided by any external agency, B 
taking in heat from the hot body while A gives 
back to it the amount of heat H. 

But if B could do the work W by taking less 
heat than H from the hot body, this body would, 
therefore, continue to gain heat, B taking less 
than A is pumping in to the hot body. 

No work is being applied to the system from 
outside, nor is any heat being supplied from 
other sources, so all the heat that the hot body 
gains must come from the cold body. 

Hence, we should have a purely automatic 
machine, through which heat could continu- 
ously pass of its own accord from a cold body 
to a hot body. 

This is a direct contradiction to the Second 
Law stated above. 

Thus, the conclusion is that B cannot do 
the same amount of work with less heat than a 
reversible engine, or, in other words— 

A reversible engine is the most efficient of any 
heat engine working between the same temperature 
levels. 

Now suppose both A and B are reversible, 
then following the same argument we see that 


each cannot be more efficient than the other, 
hence— 

All reversible heat engines when working 
between the same temperature levels have the same 
thermal efficiency. 

Let us proceed to examine the various steps 
that can form part of a cycle, in which the 
working substance may be expanded or com- 
pressed, or may take in or reject heat, in order 
to determine which are reversible, so that we 
can formulate the conditions that a complete 
cycle may be reversible. 

Firstly, then, an expansion or compression 
is reversible if the working substance will travel 
back through precisely the same stages through 
which it passed during the expansion or com- 
pression, arriving at its initial condition again— 
every feature of the first process having been 
exactly reversed. 

Thus, any type of expansion or compression, 
which does not take place smoothly—but 
involves the setting up of eddy motions, and 
the causing of internal friction in the working 
substance itself is not reversible, since we 
cannot reverse these internal effects. An 
example of this type occurs when a substance 
is “ throttled,” i.e. suddenly expanded through 
a valve or other constricted opening, from a 
chamber of high pressure to a chamber of lower 
pressure. The substance on passing through 
the orifice has its velocity suddenly increased, 
due to the drop in pressure, causing eddies which 
are finally damped out by internal friction as 
the substance comes to rest or resumes a steady 
flow. 

In such expansions, being generally of a sudden 
nature, there will be no time for heat to enter 
or leave the substance, so that one might be 
tempted to call them “adiabatic” changes. 
But, referring back to our definition of an 
adiabatic expansion, it is stated definitely that 
work is done which is accompanied by a loss of 
internal energy, hence, throttling cannot be 
considered as an adiabatic process. 

As regards the receiving or rejecting of heat 
by the working substance, such operations are 
only reversible if the temperature of the sub- 
stance is the same as that of the body from 
which it is taking heat, or to which it is rejecting 
heat. For instance, if we have a substance at 
a low temperature T}, and desire to heat it to 
a higher temperature T, we must place the 
substance in contact with a source of heat, the 
temperature of which is at least equal to dey 
when heat will flow of its own accord from the 


og 


higher temperature source to the lower tempera- 
ture substance. Reversal of this flow of heat is 
not possible, since it means that we are trying 
to cool the substance from a temperature T, to 
a lower temperature 7, while it is in contact 
with a body whose temperature is T, and 
“heat will not automatically flow from a body 
of lower temperature to one at a higher tempera- 
ture.” 

But if the temperature of the substance is 
the same as that of the reservoir of heat to which 
we connect it, then we see that the heat flow 
may occur in either direction, or rather, in 
practice, if we wish heat to flow from the source 
to the substance the temperature of the sub- 
stance will have to be lower than that of the 
source by an infinitely small amount to cause 
the flow, and vice versa for flow in the reverse 
direction. 

From these remarks it will be realized that 
adiabatic and isothermal expansions are rever- 
sible, while constant volume or constant pressure 
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changes are not reversible as such; also, for 
any heat engine cycle to be reversible, the work- 
ing substance must receive its heat only when 
it is at the temperature of the hot body, and 
reject its heat to the cold body when their 
temperatures coincide. 

- The Carnot cycle for a perfect gas is, there- 
fore, wholly reversible, and no heat engine can 
have a higher thermal efficiency, while all heat 
engines whose cycles are reversible will have the 
same efficiency, namely 


i =. T 
Ty 


or, in other words, if we have a source of heat 


itp cas 
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at a temperature level T,,, and a means of 
rejecting heat at a lower level of temperature 
T,, we cannot by any means convert more than 
the above fraction of the heat supplied into 
work. 

While we have led up to these conceptions 
and obtained the value of the maximum possible 
efficiency by considering a perfect gas as the 
working substance, it will be realized that the 
nature of the working substance in no way 
affects the issue. 

No actual heat engine works on anything 
approaching a reversible cycle so that its 
efficiency will fall far short of the above. 
This we have seen to be the case with the 
Otto cycle, which is not reversible, since 
heat is received and rejected at constant 
volume. 

The great difficulty, in practice, is to supply 
heat to the working substance quickly enough, 
and since the rate of heat flow will depend on 
the temperature difference between the source 
and the working fluid, we must have a large 
temperature drop between the two in order 
to get the heat in, and thus we violate one of 
our main conditions that the temperature 
difference must be infinitely small. 

The Diesel Cycle. The final ideal cycle that 
will be mentioned is that to which the actual 
cycle of operations in the modern Diesel oil 
engine approximates. 

Air is again the working substance, and the 
PV diagram is shown in Fig. I0. 

Heat is supplied at constant pressure from 
I to 2, and rejected at constant volume from 3 
to 4, the expansion curve 23 and compression 
curve 41 being adiabatic. 

It will be left to the student to show that the 
thermal efficiency is given by 


yn beer 
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This efficiency is less than that of the Otto 
cycle using the same volume ratio of compression ; 
but, in practice, since the heat is supplied by 
spraying in oil at the required moment at the 
end of compression—aiy only is therefore com- 
pressed, and we can use a much greater ratio of 
compression, there being no danger of pre- 
ignition, such as would occur on compressing 
highly the explosive mixture on the Otto cycle. 
By this means the Diesel engine has a higher 
efficiency than a constant volume engine. 


DIESEL ENGINES 


215 


DIESEL ENGINES 


By A. ORTON, 


LESSON IV 


THE FOUR-STROKE DIESEL 
ENGINE—(contd.) 


Combustion. It has been commonly held that 
the process of combustion in an oil engine 
cylinder takes place in three successive stages, 
i.e. vaporization, ignition, and burning. Modern 
expert opinion, however, tends to the view that 
there is little or no vaporization, but rather 
direct burning. Whether this is the correct 
explanation or nor, need not concern us here, 
and we may sum up the process comprehensively 
in the one word “ combustion.” 

For our purpose it may be taken that the air 
and the oil entering into the combustion process 
in a Diesel engine contain the following elements 
in the proportions given— 

Air contains— . 


23°5 per cent by weight of oxygen. 
76:5 per cent by weight of nitrogen. 


Diesel fuel contains— 
86-6 per cent by weight of carbon. 


I2:0 ay ‘5 , hydrogen. 
0-4 cs z „ sulphur. 
I'O other consti- 


” ” 


tuents mostly non-combustible. 


The values for the oil vary a little in prac- 
tice, but the above figures represent the composi- 
tion of a typical Diesel oil. 

The chemical reactions which take place 
during combustion are as follows— 

I. Each 11b. of carbon burns with 2-667 lb. 
of oxygen to form 3-667 1b. of carbonic acid 
gas (carbon dioxide), and in the process 14,500 
B.Th.U.’s of heat are generated. 

2. Each 11b. of hydrogen burns with 8 lb. 
of oxygen to form 9 lb. of water vapour (steam), 
and in the process 52,000 B.Th.U.’s of heat are 
generated. 

3. Each 1 1b. of sulphur burns with 1 Ib. of 
oxygen to form 2 lb. of sulphur dioxide, and in 
the process 4,500 B.Th.U.’s of heat are generated. 

From these chemical facts we may deduce the 
following information regarding the combustion 
of I lb. of fuel oil of the above composition. 
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A.M.I.Mscu.E. 
Oxygen theoretically necessary for complete 
combustion— 
For the carbon 0-866 X 2:667 = 2:31 Ib. 
For the hydrogen 0-12 X 8 . = 0-96]b. 
For the sulphur 0-004 I = 0:004 lb. 


Total for 1 lb. of oil = 3-274 lb. 


Air theoretically necessary for complete com- 
bustion of 1 lb. of oil— 


oxygen required 
0:235 


Approximate heat, in B.Th.U.’s, generated 
by the combustion— 


Of the carbon 


Airrequired = = 13°95 lb. 


= 0°866 X 14,500 = 12,550 

Py Grogent 10-12 X 52200 = 6,264 
» sulphur = 0:004 X 4,500 = 18 
Total for 1 lb. of oil = 18,832 

B.Th.U.’s 


In the actual engine it is impossible to work 
efficiently, that is to obtain complete combustion 
of the fuel, if only the quantity of air theoreti- 
cally necessary is used, and engines are usually 
designed to give from Ioo to 150 per cent excess 
air. 

Working on the basis of 100 per cent excess 
air the products of combustion at 1 Ib. of fuel 
oil may be estimated as follows— 


F Weight | Percentage of 

producte | in lb total weight 
Carbon dioxide (CO3) 0866 x 3:667 = 3°176 10'99 
Water vapour (H20) o-12 X 9 = 1-08 3°75 
Sulphur dioxide (S03) 0-004 x 2 = 0008 03 
Excess oxygen (Op) = 3'274 1133 
Nitrogen (N,) 0:7605 X 13°95 X 2 = 21°34 739 
Total 28:878 100°00 


The residual exhaust gases from the previous 
stroke are always present in the newly formed 
products of combustion, but, since these may be 
taken as of the same composition, the relative 
proportions of the various constituents are not 
affected. The blast air which enters the cylin- 
der with the fuel, and which amounts to between 
3 and 6 per cent of the main air charge, may be 
taken as included in the roo per cent excess. 
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Temperature of Combustion. We have seen 
that during compression the temperature of the 
air in the cylinder rises to about 1,000° F. It 
follows, therefore, that so long as the pressure 
remains constant during the combustion, the 
absolute temperature will rise in exact propor- 
tion to the increase in volume, if the cylinder 
contents behave as a constant quantity of gas. 
Actually, of course, the pressure does not 
remain quite constant to the end of combustion, 
which normally extends to a point some little 
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Expansion: As soon as the supply of fuel 
ceases, the expansion of the gases in the cylin- 
der proceeds according to the same general 
laws that govern the compression period, except 
that the actual curve is somewhat distorted at 
the upper end until the point is reached where 
combustion finally ceases and no more heat is 
being generated. Fig. 6 illustrates the pressure 
and temperature changes, and we see that at 
the moment when the exhaust valve is opened 
the pressure has fallen to about 40 Ib. per sq. in. 
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distance down the expansion line. What above atmosphere and the temperature to about 


actually happens is illustrated in Fig. 6, which 
shows the separate strokes of an actual indicator 
card set out in one line, and also a corresponding 
diagram above it showing the temperature 
changes. The temperature values have been 
calculated from the laws governing the behaviour 
of a perfect gas of fixed quantity and, while this 
is not strictly correct since the effect of the 
added fuel is ignored, the curve may be taken 
as reasonably accurate. This curve shows that 
a maximum temperature of 2,500° F. (2,960° 
absolute) is reached at a point some little 
distance past the end of the injection period, 
thereby illustrating the fact that the combustion 
continues into the expansion portion of the 
cycle. The indicator card on which the above 
diagram is based had a mean effective pressure 
of 103:5 lb. per sq.in., which is usually con- 
sidered as equivalent to full-load conditions. 


1,100° F. (1,560° absolute). 

Exhaust. When the exhaust valve opens the 
gases flow out rapidly and the pressure in the 
cylinder falls almost to that of the atmosphere, 
the “ back pressure ” depending on the sizes and 
shapes of the exhaust valve and piping. The 
gases expand quickly and therefore almost 
without loss of heat, and the temperature 
falls practically in accordance with the adia- 
batic law. In good agreement with this we 
find in practice that the temperature of the 
exhaust gases under full-load conditions of 
working are in the region of 750° F. (1,210° 
absolute). 

All the heat contained in these gases is, of 
course, lost. This amounts to about 25 to 28 
per cent of the total heat value of fuel used, and 
constitutes one of the principal sources of ineffi- 
ciency inherent to the cycle of operations. 
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It may be useful to refer to the subject of 
exhaust gas analysis, since percentage figures are 


frequently given in records of tests of Diesel - 


engines. We have already given representa- 
tive figures for the weights of the products of 
combustion. Analyses figures of exhaust gases 
are, however, always measured as volumes, and 
therefore we must convert the weights to 
volumes. Further, in all analyses figures the 
water vapour value is not taken into account, 
because this constituent condenses to water 
when the gas sample cools down to atmospheric 
temperature. 

The following table has been calculated from 
the figures of weights previously arrived at, and 
applies to the conditions we there assumed as 
regards fuel composition and excess air. In 
order also to give some degree of actuality to 
the volume figures they have been calculated 
for a temperature (T,) of 750° F. (1,210° 
absolute) and a pressure (f) of 15-7 lb. per sq. in. 
absolute. They fairly represent, therefore, the 
volume of gas flowing out of the engine per lb, 
of fuel oil consumed. In the percentage column 
the water vapour has not been included, so the 
values there are representative of actual analyses 
results under full-load conditions— 


Weight | Molecular | Volume Percentage 
in 1b, weight cub, ft. volume of 
Products z exhaust gases 
(W) (m) (V) (cooled) 
Carbon dioxide (CO3) 3'176 44 59°6 7°70 
Water vapour (H,O) 1-08 18 49°6 — 
Sulphur dioxide(SO,) 0008 64 0103 0-00 
Excess oxygen (Og) 3°374 32 84'5 10°90 
Nitrogen (Na) 21°34 28 629°0 81-4 

Total 822°80 100°0 


The above volumes (V) have been calculated 
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from the following formula based upon the 
physical properties of gases. 


mp 
values stated above. 

Effect of Different Loading on the Cycle. The 
effect of reducing the load on the engine is to 
reduce the amount of fuel burned, and conse- 
quently, the heat generated and the rise in 
temperature during combustion. This point is 
illustrated by the combustion and expansion 
lines for fractional load shown on the indicator 
diagram, Fig. 5 (see Lesson II). It follows 
naturally, therefore, that the temperature dur- 
ing the expansion and exhaust periods is lower 
also, as the following set of exhaust gas tempera- 
tures, taken from an actual test of different 
loads, illustrates: Full-load, 775° F.; #-load, 
610° F.; dload, 525° F. ; and 4-load, 410° F. 

Higher loads naturally have the opposite 
effect, bringing about a rise in the maximum 
and the average temperature of the cycle. This 
effect places a limit on the overloading possible 
(apart from the limit due to the lack of suffi- 
cient air to burn the extra fuel) because of the 
possibility of the working parts reaching a 
dangerous temperature. 

It is important to note that the thermal 
efficiency of a Diesel engine is theoretically and 
practically higher at light loads than it is at 
heavy loads, so far as the indicated work is 
concerned. The reason for this is that as the 
load decreases the cycle approaches more nearly 
to the theoretically more efficient “ constant 
volume ” cycle, or in other words, the ratio 
of expansion of the gases after combustion 
becomes greater ; moreover the proportion of 
excess oxygen becomes greater, thus making 
the conditions even more favourable to perfect 
combustion. This accounts for the compara- 
tively low fuel consumption at fractional loads. 


LO: where T, and p have the 
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LESSON IV 
PRINCIPLES OF ACTION 


BEFORE considering the constructional details 
of modern engines it is proposed to devote some 
further attention to the events of the Otto 
cycle, viz., induction, compression, explosion 
and expansion, and exhaust. It will, of course, 


: Rubber Tube 
Gas Meter. 


be realized that some of the points raised will 
apply equally well to the two-stroke cycle, 
bearing in mind the special features of the latter. 


INDUCTION 


Mixture Conditions. The charge to be drawn 
into the cylinder consists of a mixture of gas 
and air in certain proportions depending on the 
composition of the gas, the design of the engine, 
etc. For satisfactory working of the engine it is 
desirable that the mixture should be as constant 
as possible in regard to 

(a) Quality, 

(6) Quantity, 

(c) Pressure, 


(d) Temperature, 
(e) Cleanliness. 


Means must be provided for making suitable 
adjustments to counteract the effect of any 
variations that do occur. 

Theoretically, any kind of gas may be used, 
but in practice it is essential that in addition 
to cleanliness (i.e. carrying no grit, etc., in 
suspension) the gas must not contain undue 
amounts of vapours which are liable to condense 
into tar, etc., on valves and other moving parts. 
Further, the ignition point must be above the 
maximum temperature of compression. 

The relative proportion of air required for 
the proper control of the ignition and the support 
of combustion depends on the particular kind 
of gas that is being used. Thus, in the case of 
“town’s gas,” the proportions are about one 
volume of gas to nine volumes of air, while if 
the engine is running on “ producer gas,” the 
volumes of gas and air in the mixture will be 
about equal. 

Gas is usually supplied under a pressure 
slightly above that of the atmosphere (2 to 
6 in. of water), except in the case of “ suction ” 
gas plants, when the pressure in the engine 
supply pipe will probably be about the same 
amount below atmospheric pressure. The 
actual pressure of the supply does not matter 
very much, though obviously any great varia- 
tion of the same might be sufficient to nullify 
the adjustments made on the engine and affect 
the power developed. Measurement of the 
pressure may be made by means of a U-tube 
containing water as shown in Fig. 9. If 
the scale be graduated in half-inch lengths, 
marked 1, 2, 3, etc., from the centre or zero 
mark, then the average of the readings in the 
two limbs of the U-tube will give the pressure 
of supply in inches of water. In connection 
with these gauges it is convenient to remember 
that 


1 in. of water is equivalent to 0-036 lb.-sq. in. 
I lb.-sq. in. é aA „ 2'3 ft. of water. 


The pressure of the air should also be consid- 
ered. Other things being equal, a gas engine 
will develop its maximum power at sea-level. 
At higher altitudes the air is rarefied, ie. its 
density is reduced, and hence the air drawn into 
the cylinder per stroke contains a less weight of 
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oxygen than at sea-level and this, in turn, 
means the combustion of a smaller quantity of 
gas. An approximate rule sometimes stated is 
that an engine output is reduced 3 per cent for 
every 1,000 ft. increase in altitude. Except in 
special cases of working at high altitudes, how- 
ever, this effect will not be very noticeable. A 
factor of greater importance, probably, is the 
degree of moisture in the air. As a rule, it is 
easier to ensure the air being fully saturated 
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with moisture rather than perfectly dry. The 
air is usually drawn through a muffler of coco- 
nut matting, or similar material (to eliminate 
the sound of the suction and arrest dust, etc.), 
and where very constant conditions were 
required, cloths could be incorporated in this 
muffler, and kept moist by a by-pass from the 
water connections. 

Both gas and air should be as cool as possible 
in order that the density of the mixture may not 
be unduly decreased. Obviously, the denser the 
mass charge per stroke the greater will be the 
power developed by the engine. 

Inductive Effect. The induction of the charge 
into the cylinder is effected by the establishment 
of a difference of pressure between it and the 
external atmosphere, due to the outward move- 
ment of the piston. This pressure difference 
has first to overcome the inertia of the gas and 
air in the supply pipes and the “ fluid friction ” 
set up by their entry through the passages and 
valves, and afterwards maintain the flow of the 
mixture at a certain velocity, depending on the 
piston speed. Hence, the ideal suction stroke 
diagram would be as shown in Fig. ro. 

Starting from the point a the full difference of 
pressure is established at the point b, and main- 
tained constant to the point c. At this instant 
the piston is near the end of its stroke, and is 
slowing down The inertia of the gases, how- 
ever, causes the flow to continue and fill up the 
cylinder completely, so that the pressure rises 
to that of the atmosphere at the end of the 
stroke, the inlet valve not being fully closed until 
just after the beginning of the following stroke. 


It is evident that due attention must be given 
to the time and rate of opening of the inlet 
valve as well as the area provided for flow 
through the same, otherwise the resistance to 
flow will be considerably increased. 

In practice, however, various factors may 
militate against the ideal conditions shown in 
Fig. 10. For instance, some influence may be 
exerted by the events of the previous cycle. 
Thus, if the exhaust valve closed too early, or 
the exhaust connections were restricted, no 
induction would take place until the residual 
gases had been expanded by the piston moving 
outwards and the necessary difference of pres- 
sure established (Fig. 11). 

The subject of governing will be discussed 
later, but a brief reference may be made here 
to a very usual method of effecting the same, 
particularly on smaller engines, viz., “ hit and 
miss ’’ governing. When the speed exceeds a 
predetermined amount, the gas valve remains 
closed and so air only is drawn into the cylinder. 
It is compressed, re-expanded, and then passed 
out through the exhaust valve. Such a.“ cut- 
out ” charge will also tend to raise the pressure 
at the beginning of the following induction 
stroke, as in this case there is not the initial 
rush of the burnt products of combustion (tend- 
ing to clear out the cylinder) when the exhaust 
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valve is opened. Another effect of “ cut-out ” 
cycles will be to cool the cylinder, valves, etc. 
(so increasing the density of the next charge), 
while variations in the quality of the mixture 
will be caused, owing to the fact that in some 
cases the incoming charge has to mix with 
burnt gases in the clearance space (after a 
“hit ”), while in other cases it is diluted with 
cool air (after a “ miss ’’). 

Other variations from the ideal diagram 
shown in Fig. 10 may be occasioned by incorrect 
valve timing, or restricted gas and air connec- 
tions. The effect is to delay the establishment 
of the full difference of pressure to a point later 
in the stroke (Fig. I2a). In extreme cases of 
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restricted connections the main suction line 
might be a gradually falling one (Fig. 12b). 
The pressure at the end of the induction stroke 
should be as near that of the atmosphere as 
possible (it will generally be slightly below it), 
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but in the case shown in Fig. 12b, this pressure 
would not be reached until some time after 
the piston has commenced the compression 
stroke, while a similar effect would be produced 
if the inlet valve closed too early (Fig. 12c). 
Gas and Air Regulation. The supply of gas 
is usually controlled by the “ gas cock,” which 
consists of a conical plug or similar device. The 
air supply should also be capable of adjustment. 
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Sliding plates, etc., are not suitable for this 
purpose, owing to their tendency to set up 
eddy currents. The best form of air regulator 
is probably a “butterfly valve” (a plate 
pivoted on an axis passing through its centre 
and lying in its plane), placed in the supply 
pipe as close to the admission valve as possible. 
Means must be provided for locking the valve 
in any position required (the flow of air may 
tend to make it oscillate), and it is essential 
that if it is not in one piece with its spindle, 
it shall be fixed securely to the same, preferably 
by making the spindle square. 

In the case of an engine running on gas under 
pressure, variation of the mixture strength to 
suit different loads may be made by adjustment 
of the gas cock only. Thus, if the latter be 
opened wider the flow of gas will be increased 
and, since the volume drawn into the cylinder 
per cycle is constant the proportion of air will 
be lessened, resulting in a double enrichment of 
the mixture. Conversely, when the gas cock is 
closed somewhat, the mixture will be weakened 
owing to the admission of less gas and more air. 
On engines served with suction gas, however, 
it is usual to keep the gas cock fully open, or 
nearly so (owing to the tendency of such gas 
to deposit tarry matters when “ wire-drawn ”’), 
and the mixture strength is then adjusted by 
means of the air regulator. 
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LESSON IV 
CALORIFIC VALUE OF COAL 


WE have already seen that when hydrogen burns 
in the air, a quantity of heat is liberated, but 
we must not assume that all the hydrogen con- 
tained in the fuel is available for the liberation 
of heat in this manner. All fuels contain a cer- 
tain percentage of oxygen, and the real “ avail- 
able hydrogen ” is based on the assumption that 
all of the oxygen in the coal is combined with 
hydrogen in the proper ratio to form water, or 
free hydrogen = total hydrogen — oxygen/8 = 
H-—O/8. It is not advisable, however, to 
ascertain the heating value of a fuel by computa- 
tion from the various heating values of its 
constituent elements. An actual determination 
of the calorific value by means of a suitable 


instrument is the only reliable method of finding 
out how many heat units are liberated per 1b. 
of fuel burnt. A fairly approximate idea of the 
heating value can be obtained, however, by 
means of two formulae, one of which makes use 
of the proximate analysis of the fuel (i.e. the 
analysis which gives us the percentages of ash, 
volatile matter, moisture, and fixed carbon), 
whilst the other depends on the ultimate 
analysis of the fuel, i.e. the analysis which 
gives us the percentages of carbon, hydrogen, 
oxygen, sulphur, nitrogen, ash, and moisture. 
To take the former formula first. This is 
known as Goutal’s formula, and is expressed 
thus— 


Calorific value (in calories) = 82C + aY, 


” 


where “ C” is the percentage of fixed carbon, 
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“V” is the percentage of volatile matter less 
moisture, and “a” is a constant depending 
upon the. percentages of volatile matter, calcu- 
lated upon a basis which neglects ash and 
moisture. 

- The table shown below gives the values for 


6 


:“ a” for corresponding values of 
100 X V 
Cay S 
It will help the reader, no doubt, to take an 


actual example of the method of application of 
this formula. Suppose we have a coal which, 


KOO AENM a LOO: XV on ao TOO X NV Fr 
CEN e Cas S Cans ne 
I to 4 100 Si) 113 30 98 

5 145 18 TIZ 31 97 
6 142 19 IIO ae 97 
7 139 20 109 33 96 
8 136 21 108 34 95 
9 133 22 207 35 94 
I0 130 23 105 36 gI 
II 127 24 104 37 88 
I2 124 25 103 38 85 
13 122 26 102 39 82 
14 120 S IOI 40 80 
15 E 28 100 

16 II5 29 99 


on analysis, is shown to contain the following 
percentages of the various constituents— 


Moisture : ‘ 1-9 per cent 
Ash? }. Be eee! 


Volatile matter (less moisture) eae. X (V) 

“ Fixed carbon ” (coke less ash) Gem 5, O) 
100 x V 

Then Cey = 5:2, and from the above table 


(a3 ” 


we see that the corresponding value for “a 
from the table given above is 94. Therefore, 
the heating value of the coal is 


82 X 61-4 + 94 X 33:4 = 8,179 calories. 

To convert calories per gram to B.Th.U.’s per 
Ib. (the British standard of calorific value) we 
must multiply by 1:8. Se that we see that the 
calorific value of the fuel in British units is 
8,179 X 1:°8 = 14,720 B.Th.U.’s per lb. The 
calorific value of the fuel as determined in the 
bomb calorimeter was 14,740 B.Th.U.’s per 1b., 
and the error is of quite a small order, namely, 
20 units in 14,740 or about 0-14 per cent. This 
formula is very satisfactory for use with the 
average coals, but if these contain large propor- 
tions of the white sheets of parting material 
known as ankerites, which consist largely of 
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the carbonates of calcium, iron, and magnesium, 
the volatile matter figure obtained by heating a 
sample out of contact with the air may be quite 
erroneous, due to the driving off of carbon diox- 
ide from the carbonates, and the figure obtained 
for the calorific value is, or may be wrong to a 
considerable extent. 

The second formula, which depends on the 
ultimate analysis of the coal was originally due 
to the French chemist Dulong, but the formula 
has been modified from time to time In the 
fuel bulletins of the U.S. Geologica Survey and 
the Bureau of Mines, it is given as 


I 
Too (24544 C + 62,028 (H — 0/8) 


+ 4,050 S) 
where Ha is the heating value in B.Th.U.’s per 
lb., and C,H,O and S are the respective percen- 
tages of carbon, hydrogen, oxygen, and sulphur. 


According to Gray and Robertson, the formula 
should be 


Ha a2 (8140 C -++ 34,500 (1 x (O+ Sey 


-o 8 


Hy = 


+ 2,220 s) 


where Ha is in calories per gram and must be 
multiplied by 1-8 to convert it to B.Th.U.’s per 
lb. Heating values calculated by means of 
either of these two formulae usually fail to agree 
with the results obtained by direct determination 
on the bomb calorimeter because 

1. The heating values of the elements, carbon, 
hydrogen, and sulphur, are not accurately estab- 
lished, and the true values may depart somewhat 
from those given in the formula. 

2. The heating value of an element in a 
chemical compound is not necessarily that of 
the same element in the free state. This is 
because such compounds may evolve or absorb 
heat on decomposition or formation. 

3. The oxygen content of the fuel is arrived 
at by subtracting the sum of the various per- 
centages of the other elements as obtained by 
analysis from 100, and all errors of analysis are 
thus cumulative. In addition, all the oxygen 
is not combined with the hydrogen, but may be 
in combination with carbon or some other 
element. 

This formula is particularly unreliable for 
coals of high volatile matter content. It is 
hoped to describe how the calorific value is 
actually ascertained in the next lesson, 
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By JosepH G. Horner, A.M.I.Mecu.E. 


LESSON V 
THE LATHES—(contd.) 


Sections of Beds. All the older beds were 
narrow by comparison with those now made, 
and they yielded to torsional stress when heavy 
cutting was attempted. They also consisted of 
two parallel girders united with single-webbed 
cross girts, which is not a stable design. Beds 
have been gradually widened, cross girts are of 
the boxed section in all heavy designs, and very 
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frequently the sides are connected just below 
the shears with a continuous web, pierced with 
holes to permit the cuttings to fall through. 
Another reason why beds have been widened is 


to afford better support to the tools more. 


nearly in line with the pressure of the cut than 
was possible with the narrow beds. The width 
of the front shear or slide way is increased. In 
several designs the centres of the headstocks are 
thrown back behind the bed centre in order to 
bring the cutting tools directly over the front 
shear. In a considerable number of designs, 
additional support to the carriage is afforded 
by a supplementary shear below the one in 
front—the double tier bed, one example of 
which is shown in Fig. 9. 

The Narrow Guide. Another alteration, now 
very common, is the adoption of the narrow 
guide. Here the carriage of the rest does not 
embrace closely the extreme outer edges of the 
bed, but its lateral contact is confined to the 
edges of the front shear, against which alone 
wear is taken up with a gib. Clearance is given 
at the hinder shear between its vertical edge 
and that of the carriage. It is better to take 
up wear on a narrow way where the proportion 


of length to width is immensely greater than 
when the whole width of the bed is embraced. 
But the utility of the narrow guide also lies in 
the fact that the pull of the lead screw, or the 
feed rod, comes directly under the guide way 
instead of very much to one side, as it does 
when the carriage fits closely at the extreme 
edges of the front and hinder ways. It realizes 
in another fashion the intention of Whitworth 
when he disposed the lead screw down the centre 
of the bed, to give an equal pull on the carriage. 
That its high value is appreciated is evidenced 
by the fitting of the narrow guide not only to 
most recent lathes, but also to the carriages of 
machines derived from the lathe, and to boring, 
and other machines where work tables and tool 
holders have to slide. Along with this improve- 
ment, the longitudinal bearing of the carriage 
on the bed is generally increased, which favours 
stability, and delays wear. The raised strip at 
A in Fig. 9 is a narrow guide. Fig. 10 shows a 
carriage fitted to a guide that stands above the 
general level of the bed, Fig. 11 that to one 
below. In each case the take-up is with a long 
gib running the whole length of the carriage 
and adjusted with a screw from one end. The 
clearance will be noticed next the outer edges 
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of the opposite shears. with the strip that pre- 
vents lifting of the carriage. The older bevelled 
edges, and veed take-up strips are being aban- 
doned for square edges and long tapered gibs. 
Beds with shears of inverted vee section are also 
now provided with the narrow guide. 

General Outlines. Not only have cross-sec- 
tions of beds been immensely stiffened and 
improved, but much attention has been devoted 
to longitudinal outlines, provisions for the supply 
of cooling liquids, and its collection, and the 
shapes and utilities of supports. 

The standard lathes are still generally cast 
with a gap to take large face plate work, and it 
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is necessary in the smaller shops. No objection 
can be made to it on the ground of a weakening 
effect, because additional material is massed 
below it as in Fig. 3 (Lesson IIT). The slight 
objection is the overhang of the carriage when 
working close to the face plate. A bridge piece 
is therefore fitted in the gap, though it is hardly 
necessary with the increased length given to 
carriages. The real objection is its want of 
adjustment to take articles of different widths. 
To supply this, a few lathes are made with an 
upper bed sliding on a base—the movable gap 
design. In nearly all the new lathes provisions 
are made for the collection of used lubricant, or 
coolant, necessary because of the very large 
volumes now pumped over the tools. One 
scheme is shown in Fig. 3. The waste is col- 
lected in troughs that surround the legs, and is 
discharged into the pan. This is removed and 
cleaned out at intervals. Sometimes the pan 
runs on wheels. A supply tank is sometimes 
formed in the bed or in one of the legs, whence 
a pump supplies the cooling liquid. A cabinet 
leg with shelves is commonly adopted for the 
storage of tools and gears. 


Limitations of Functions. Curtailments of 
duties have affected the lathes in common with 
some other types of tools. One function after 
another has been suppressed, as the work done 
by the lathe when it was a universal tool has 
been appropriated by other machines, mostly 
derived from it, and which, though still termed 
lathes, have prefixes to denote their special 
duties. The standard sliding, surfacing, and 
screw-cutting lathe, with a gap is retained to a 
more limited extent in the larger shops, because 
the shorter screws are cut more economically on 
other machines, and work that might be swung 
in the gap is turned and bored on lathes of larger 
swing, devoted exclusively to face work, having 
short beds, and generally, no loose poppets. 
Plain turning is largely relegated to lathes that 
have no provision for cutting screw threads. 
Beds are of lengths suitable for the articles 
that are chiefly turned, and face plates are of 
diameters that approximate to the sizes of 
pieces regularly put upon them. The recent 
tendency has been ever to closer limitations, 
until some of the automatic lathes are now 
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limited to lengths of 2 ft., and to diameters of 
4 or 5in. No face work is done in chucks, 
while in the face lathes no work is held between 
centres, 

Variations Summarized. The leading modifi- 
cations of the lathe can barely be stated here, 
their individual characteristics must be inferred 
from the terms by which they are distinguished. 
They may be regarded as being all derived from 
the two common prototypes—the simpler self- 
acting sliding and surfacing lathe, with a gap, 
and the more complete self-acting sliding, sur- 
facing and screw-cutting lathe with a gap. 

From these are derived: (1) lathes with a 
fixed gap, and those with a movable gap, 
(2) bench lathes—small tools with numerous 
functions, with centres that do not exceed 3 or 
4in. in height; (3) lathes with long beds for 
turning shafts only. Similarly, gun lathes, and 
turbine lathes; (4) axle-turning lathes, having 
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the headstock located midway along the bed, 
driving the axle which is supported on a poppet 
centre at each end, and has tool rests duplicated 
to turn both journals of the axle at one time. 
Another large group is that in which work is not 
supported between centres, but is carried in 
chucks on the headstocks only, the various (5) 
chucking lathes, and the (6) face lathes, some 
of which have a swing of many feet. Beds for 
these are always very short. Special forms of 
these are (7) the wheel and tyre lathes which 
are installed in large numbers in the locomo- 
tive and wagon shops; (8) pulley lathes. Pro- 
vision is made in these for simultaneous turning 
and boring, done from separate tool rests. An 
extensive growth has been that of (9) the 
vertical turning and boring lathes in which the 
face plate lies horizontally, and the tools are 
carried in a bar, or turret on a cross-rail. Out- 
side of these, distantly related are horizontal 
boring machines, screw machines, and the 
numerous turret lathes. 
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BALL AND ROLLER BEARINGS 


By W. E. Baker, B.Enc. 


LESSON III 
BALL JOURNAL BEARINGS 


Load-Bearing Capacity. It is not proposed to 
give tables of load-bearing capacities at differ- 
ent speeds. The various makers’ catalogues 
give full information regarding this point. It 
may be mentioned, however, that the load- 
bearing capacity of a ball bearing depends 
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very largely on the nature of the load. If the 
load contains an element of shock, then the 
capacity of the bearing is reduced, or in other 
words, a higher factor of safety should be em- 
ployed. For shock loads the roller journal bear- 
ings, which are mentioned later, are preferable 
to ball journal bearings. In the same way, a 
load which consists principally of dead weight 
will have more effect on a ball bearing than a 
load which is somewhat elastic, such as a belt 
tension. A similar effect is noticed with regard 
to the fixing of the mechanism. A mechanism 
which is fixed to a solid concrete bed should be 


designed with higher factors of safety than a 
mechanism, such as a motor-car, which is 
sprung and which, moreover, has the advantage 
of pneumatic tyres. 


THE MOUNTING OF BALL 
JOURNAL BEARINGS 


The Revolving Race. The inner race of a 
ball journal bearing is usually the revolving one, 
and is considered as such in the following re- 
marks. It is necessary that the revolving race 
of a ball journal bearing should be made a tight 
fit on (or into) the revolving member. Fig. 11 
will make clear the necessity for this. If the 
revolving inner race is made a push fit on to 
the revolving shaft then there will be a slight 
diametric clearance, as shown in the figure. The 
journal load, being at right angles to the shaft, 
will cause this clearance to be taken up all at 
one side. As the shaft revolves it will be clear 
that there will be an amount of “ creep ” be- 
tween the race and the shaft, such as is repre- 
sented by the difference in the two circumfer- 
ences. If this “ creep ” is allowed to occur it 
will result in wear of the shaft. To prevent this 
“creep ” it is necessary to eliminate the diame- 
tric clearance between the revolving parts. In 
other words, the revolving race of a ball journal 
bearing must be made a tight fit on to (or into) 
the revolving member. Preferably, a revolving 
race should also be clamped up between a 
shoulder and a nut, as will be seen in the 
succeeding diagrams. 

It will also be clear that when actually 
fitting the revolving race into position, the light 
tapping blows should be aimed at that race 
itself. If the blows are aimed at the other race, 
they have to be transmitted through the balls, 
and may cause the balls to indent the tracks. 

The Stationary Race. The stationary race 
(which is usually, but not necessarily, the outer 
race) must be made a push fit into (or on to) the 
stationary member. The reason for this is 
shown in Fig. 12. Both races of the bearings 
are grooved, and it is essential that the grooves 
in the races should be opposite one another, as 
otherwise the balls will be subjected to end- 
strain. The easiest way of ensuring this is to 
make the stationary race a push fit, in which case 
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the balls will automatically drag the stationary 
race into the correct position. 

Endways Location. The shaft and housings 
are subject to temperature changes, which cause 
linear expansion or contraction. To prevent 
this throwing end-thrust on to the bearings, the 
outer race, in addition to being made a push fit 
in the housing, should also be free endways, so 
that it can set itself to compensate for expansion 
and contraction. This is shown in the right- 
hand diagram of Fig. 13. 

To prevent the revolving shaft, and the whole 
of the revolving parts, moving endways, the 
stationary race of one bearing, and of one bear- 
ing only, may be gripped endways, provided 
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that there is no mechanical end-thrust devel- 
oped along the shaft. This is shown in the left- 
hand diagram of Fig. 13. 

If the revolving shaft indicated in Fig. 13 
were carried by more than two journal bearings, 
then, of course, the stationary races of all but 
one would be left free endways. The left-hand 
bearing in Fig. 13 is said to be “locked,” and 
to serve the duty of “ locating’ the revolving 

arts. 

If the mechanism is such that the outer races 
revolve, and that the inner races are stationary, 
then the procedure is reversed as follows— 

(a) The outer races, being the revolving ones, 
should be made a tight fit in the revolving mem- 
ber, and should preferably be clamped endways 
between shoulders and nuts or their equivalents. 

(b) The inner races, being stationary, should 
be made a push fit on to the stationary spindle, 
and should be left free endways. 

(c) If there is no mechanical end-thrust 
developed by the revolving parts, then these 
may be “ located ” by “ locking ” the inner race 
of one bearing, and of one bearing only. Fig. 14 
indicates this as applied to a loose pulley. 
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Protection. It is essential that dirt, water, and 
other foreign matter be rigidly excluded from 
all ball and roller bearings. The most efficient 
protection, of course, is the blind end-cover, 
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shown to the left of Fig. 13. In all cases where 
the shaft has to project through, and where 
conditions with regard to the presence of dirt 
are not particularly difficult, then the broad 
lipped end-cover shown in other positions of 
Fig. 13 will be found adequate. The lips of 
the end-covers are made as broad as possible, 
and are provided with small annular grooves 
(not spiral). The clearance between the bore of 
the end-cover and the shaft should be kept as 
small as possible, and is usually made about 
0-005 in. a side. The grease finds its way into 
these small annular grooves, and acts as a seal 


— 


FIG. 14 


to prevent the ingress of dirt. On the other 
hand, the fine diametric clearance will prevent 
the grease escaping in all ordinary cases. 

Felt washers or other rubbing parts should be 
avoided as far as possible. Felt washers tend 
to harden with the grease and, moreover, at 
high speeds, are liable to char and to wear the 
shaft. 
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In cases where the danger of foreign matter 
getting in is more severe, extra protection must 
be afforded. Fig. 15 indicates three typical 
forms of extra protection suitable for dealing 
with loose dirt, fine powder, and splash of dirty 
water respectively. 

As ordinarily understood, ball 


Lubrication. 
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grease of about the consistency of vaseline, per- 
fectly neutral, free from filling material and from 
water, will be suitable. 

In such cases a charge of such grease will last 
about 12 months. Where conditions are severe 
with regard to the presence of dirt, the housings 
may be charged with grease more frequently to 


and roller bearings do not require lubrication for 
the purpose of forming a film between the balls 
(or rollers) and the tracks. In fact, the intensity 
of pressure at the points of contact is so high 
that no film could be maintained. However, 
some lubricant is required to prevent the highly- 
polished surfaces from rusting and, moreover, 
the lubricant will assist in preventing dirt enter- 
ing the housing. 

For all ordinary purposes a good mineral 


assist in keeping the dirt out. For very high 
speeds it may be necessary to make use of oil 
as a lubricant. If the bearing is working in a 
high temperature it may be necessary to adopt 
high melting point grease. 

It should be noted, particularly with high 
speed bearings, that too much grease will in 
itself give rise to overheating, on account of the 
churning of the grease. The remedy is obviously 
to reduce the amount of lubricant present. 


PUMPS: CONSTRUCTION AND MAINTENANCE 


227 


PUMPS: CONSTRUCTION AND MAINTENANCE 


By Owen A. Price, M.I.MECH.E. 


LESSON IV 
DETAILED DESIGN 


THE dynamic problems connected with the 
moving parts of a reciprocating pump are very 
similar to those of a steam-engine, and therefore 
space will not be occupied by traversing this 
ground. Continuing the discussion of pump 
design, we shall now consider the various 
velocities, important stresses, loads and bearing 
pressures employed in pump practice, omitting 
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such details as may be considered ordinary 
machine design. 
WATER VELOCITIES 


Normal mean velocities representing common 
practice are— 


In suction pipe ; 3 to 3% ft. per second 


Through suction valves . 24 to 4b ,, P 
In delivery pipe . 34 to 4 j iz 
Through delivery valves . 3 to5 B 
In plunger chamber . I$ toz aH x 


Around ram and valves . 5 3 


Whilst ordinary common practice is restricted 
to the above narrow range of velocities, consid- 
erable departures from these are made in special 
cases. For instance, velocities of Io or 12 ft. 
per second through the valves are used on large 
high-pressure pumps, on fire-service pumps, etc., 
and a skilful designer will employ even higher 
velocities when advisable. An objection to 
high velocities is that the friction and shock 
losses increase as the square of the velocity (as 
explained in Lesson I), and therefore high 
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velocities, when used, are usually the result of 
a compromise, such, for instance, as an adjust- 
ment of the advantages of a small “ lift ” toa 
valve with the disadvantages of the extra head- 
loss involved. 

When considering the head-loss, due to 
increased velocities, account must be taken of 
the maximum velocity likely to occur at the 
centre of the stroke (as already explained in 
Lesson III) rather than the mean velocity just 
discussed. 

It is generally recognized that all water 
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velocities may be somewhat increased as the 
pumping head increases. For the pump efficiency 
to be unimpaired, the friction and shock 
losses must bear a constant relation to the head, 
therefore, the rate of increase of velocity with 
the head, should be proportional to the square 
root of the head. Thus, if a certain velocity of 
5 ft. per second is permissible under 1,000 ft. 
pumping head, this may. be increased to 
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pumping head. 


5 x = 7 ft. per second under 2,000 ite 


STRENGTH OF PARTS 


When discussing castings in Lesson II, refer- 
ence was made to the pressure pulsations and 
alternations of stress which necessarily occur in 
every reciprocating pump. On account of this 
action the materials must be designed to carry 
a live-load, and correspondingly low intensities 
of stress must be allowed throughout. 
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Pump Body. As far as possible pump bodies 
are made of cylindrical form, because the circu- 
lar shape is best able to resist stress and there- 
fore the most economical in material, besides 
offering the most suitable section for encircling 
pistons, rams, and circular valves with the 
minimum waste clearance space. Such circular 
sections are treated by one of the well-known 
formulae for either thick or thin cylinders as 
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FIG. 15. LOCAL CONCENTRATION OF STRESS 


the case may be, or by using Barlow’s empirical 
rule applicable to both thick and thin cylinders 


f x 2t = p(D + 2t) (Fig. 14) 
where fis the safe working tensile stress in 1b. per 
sq. in., is the thickness of the wall in inches. 


D is the internal diameter in inches, and 
p is the internal pressure in Ib. per sq. in. 


As regards a suitable working stress f for the 
material, two methods of design are in common 
practice. Some engineers use— 

f = 1,500 to 2,000 lb. per sq. in. for cast iron 
and f = 4,000 to 5,000 lb. per sq. in. for cast 
steel, varying the value of faccording to circum- 
stances. Other designers take constant values— 

f = 2,800 lb. per sq. in. for cast iron 
and f = 5,000 lb. per sq. in. for cast steel, 
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and make the wall thickness = ¢-+ }in. for 
cast iron, and =¢-+ tin. for cast steel. The 
latter method has the advantage of leaving less 
to individual judgment. 

Special attention should be given to the 
stresses in the material at points where excessive 
concentration of load occurs. Such conditions 
happen at the inner wall of curved pipes (Fig. 
15a), or at junctions of branches (Fig. 15b), and 
such-like situations. For instance, when calcu- 
lating the wall stress on the bend (Fig. 15a) it 
is incorrect to divide the total load by the total 
sectional area of the metal because the inner 
wall, which is much smaller in area than the 
outer wall, must sustain half the total load, and 
is therefore subject to a greater intensity of 
stress. The corners of branch junctions (Fig. 
15b) are more severely stressed when a small 
radius is employed than with a large radius. 
Both a small and a large radius are shown on the 
diagram with the respective load and stressed- 
metal areas sectioned for comparison of the two 
cases. Ribbing or local thickening is not always 
an entirely satisfactory method of strengthening 
castings, such as Fig. 15b, and breakages have 
occurred at such corners. When excessive 
stress occurs one or more reinforcing bolts 
(Fig. 15c) should be inserted at the corner, 
avoiding a large lump of metal by coring out 
the boss as much as possible. Preferably the 
bolt should be strong enough to carry the whole 
load at the corner, and the bolts should be heated 
when screwed up. 

Cast-iron and cast-steel valve pots and pump 
bodies, such as Fig. 15d, are frequently, rein- 
forced in this manner. 

Obviously, it is preferable to avoid localized 
stress and so dispense with reinforcing bolts, 
this can sometimes be done by adopting spheri- 
cal shapes at branch junctions, though increased 
weight usually results. 

Plungers. All ordinary rams or plungers are 
large enough to be free from any risk of buckling, 
and are frequently the most rigid details on the 
pump. They may be designed simply as com- 
pression members allowing a reasonably low 
compression stress of— 

8,000 lb. per sq. in. for cast iron, and 
4,500 lb. per sq. in. for gun-metal. 

Piston-Rod. The piston-rod is subject alter- 
nately to tension. and compression, and is 
designed by similar methods to those employed 
for a steam-engine piston-rod, the only differ- 
ence being that a greater margin of strength 
must be allowed with a pump rod on account 
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of the greater shocks occurring when dealing 
with an inelastic fluid. 

For the tensile strength the area of the 
smallest section of the rod (at the piston nut 
usually) is determined in the usual way, allowing 
a stress of about 8,000 lb. per sq. in. for mild 
steel, and for bronze about 6,000 lb. per sq. in. 
according to quality. 

The diameter of the body of the rod is calcu- 
lated as a strut in compression, or may be found 
approximately by d, = 025 D Vp (Fig. 14) 
where d, = the diameter of the rod in inches, 

D = the diameter of the piston in inches, 
and p-=the maximum pressure difference 
between the two sides of the piston in lb. per 
sq. in. 

It is partly—though not by any means 
entirely—on account of the weakness of piston- 
rods, especially on long stroke pumps, that rams 
are preferred for high pressures. 

Connecting Rod. The rate of working of a 
pump is rarely sufficiently great for the inertia 
bending forces acting on the connecting rod to 
be of much importance. The rod will usually 
be of circular cross-section, and its diameter dg, 
midway along its length, may be found by the 
empirical formula 

d in. = -037V(4/P x L) (Fig. 14) 
based on the strength of a column in compression 
and in which P = the maximum total thrust in 
Ib. on the plunger or piston, and L = the length 
of the rod in inches between centres of pins, 
this length being assumed to be approximately 
the normal proportion of 5 times the radius of 
the crank, or 24 times the stroke. 

Crankshaft. A pump crankshaft has a very 
severe duty to perform in resisting the sudden 
reversals of pressure which occur on the rams 
or pistons. This is particularly the case with 
three-throw pumps when driven, as is generally 
the case, from one end of the crankshaft. The 
pressure pulsations of the pump remote from 
the driving-end are transmitted through all 
three cranks by a highly circuitous path to the 
driving end. Theoretically, of course, a crank- 
shaft should reduce in diameter from the 
driving-end, but this is seldom done on account 
of the varying sizes of bearings it would involve. 
For high-pressure pumps the drive should be 
applied midway along the shaft whenever 
possible in order to reduce the shaft distortion. 
Built-up crankshafts are unsuitable for heavy 
pump work, and when a crankshaft must be 
made in several pieces the sections should be 
connected by bolted flanges. 
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The diameter d, of the crankshaft may be 
determined by the empirical formula— 


. SLE E, 
dJ a == (C 7 N 
where 

S.H.P. = the maximum shaft horse-power, 
N = the number of revolutions per 

minute, 

C =a constant varying from 5 on a 
light duty pump to 7 or even 7} 
on a heavy-pressure pump. 

Other Details. Connecting rod, crosshead, 
and main bearing bolts are designed closely in 
accordance with steam-engine practice, except 
that as a general average the stresses should be 
about 20 or 30 per cent less. The same remarks 
apply to main frames and all parts subject to 
the pumping load. On account of the greater 
tendency to vibration the frames and foundation 
bolts of a vertical pump should be stronger than 
those of a horizontal pump. 


and 


BEARING PRESSURES 


In addition to the dimensions necessary for 
strength all important bearing surfaces must be 
provided with sufficient area to conform to the 
following accepted bearing pressures calculated 
on the maximum load occurring on each part— 

600 to 750 lb. per sq. in. 
HP, OOONLO 250s ,5yn a7) sh 

400 to 600 ,, ” 
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Crank pin pressure 
Crosshead pin pressure 
Main bearing pressure 
Crosshead slipper pressure 

The bearing area of a pin or journal is, of 
course, the projected area, or the product of 
the length and the diameter. When calculating 
the surface in this way it is usual to make the 
projected areas as nearly square as possible in 
order to secure uniform distribution of pressure 
over the whole surface, and to simplify bedding 
the working surfaces together. A long bearing 
is always more liable to bear hard on one edge 
than a short bearing ; the larger and stiffer the 
journal, however, the longer it may be designed 
whilst still maintaining a uniform pressure 
distribution. 

The diameter of the crank pin is sometimes 
slightly greater than the width, usually about 
equal to the width, and occasionally about two- 
thirds of the width. The crosshead pin usually 
has a bearing width from I to 1} times the 
diameter. The main bearings also are generally 
about 14 times the diameter in length, though 
longer lengths are frequently necessary in order 
to provide sufficient surface. 
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The pressure on the crosshead guide, or slipper, 
is a maximum when the crank and connecting 
rod are at right angles, and may then be taken 
approximately as— 

Maximum total slipper pressure S = 

length of crank 
ie length of connecting rod 


(Fig. 14) 


1p ; ; F 
or 3 when the connecting rod is 5 cranks in 
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length, and where P = the total load in lb. on 
the piston or plunger. 

On a horizontal crank-driven pump it should 
be noted that the direction of rotation is always 
“ inwards,” Fig. 14, or opposite to the customary 
direction of a steam-engine, in order to bring 
the pressure on the crosshead guide to the down- 
ward direction. A steam-engine, of course, 
drives the crankshaft, whereas with a pump the 
crankshaft drives the pump. 
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By JosrpH G. Horner, A.M.I.MeEcu.E. 


LESSON V 


CHIPPING, FILING, AND 
SCRAPING 


Chipping. This is becoming a lost art in the 
shops where parts are finished by tooling, to be 
assembled and interchanged. But in the shops 
that handle general manufactures, and in all 
massive machinery, and on erections in the 
works, and away, and where castings have to be 
fitted to steel-plated structures, the art of chip- 
ping is still required. The same chisel is used 
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Fic. 30. SURFACE PLATE WITH WOODEN 
PROTECTING COVER 


for cast iron, wrought iron, and steel, but a 
wider chisel may be employed with advantage 
for the first. The average width is I in., and 
the cutting angle about 60°. The edge is ground 
very slightly convex, to avoid risk of the edges 
digging in. The tool is held with one facet 
nearly parallel with the face being cut, and 
struck with a hand hammer. The direction of 
the cutting may be changed at intervals on 
broad surfaces. If a surface is large, narrow 
grooves should first be ran across with a cross- 
cut chisel. When an edge is approached, the 
chisel should cut away from, and not towards 


it. The more nearly accurate the work of the 
chisel is done, the less will be the more tedious 
reduction with the file. 

Filing. The skilled fitter is an adept in the 
art of filing. For, although much less of this 
work is done than formerly, a large volume 
remains untouched by improved machine pro- 
cesses. The files used by the fitter are double- 
cut, that is, chisel cuts crossing at an angle 
leave isolated points that cut with a slight 
chisel-like action, combined with scraping. The 
teeth are shallow, and readily become blunted 
and dulled if the files are used without due 
regard to the method of their operation, and 
the sequence of the materials worked on. Files 
vary much in the degrees of coarseness or pitch 
of teeth, in lengths, in curvatures, lengthwise 
and in cross-sections. In some degree the cross- 
section of a file corresponds with that of the 
surface of the work on which it is used. It does 
absolutely in the triangular, and the round files, 
but not in others. With only a few exceptions, 
files are curved in. the longitudinal direction. 
Both thése and the parallel kinds are alike 
suitable for producing truly plane surfaces, since 
the result depends as much on the skill of the 
workman as on the tools. Absolutely parallel 
tools are the blunt pointed hand files, finely cut, 
and used chiefly for finishing, the parallel round 
files, a few three-square files, and some half- 
rounds, all being either second-cut or smooth. 
Roughing is done with the coarse bellied files 
or the rough middle-cut, or the bastard. Lengths 
in most grades except the smallest vary. Those - 
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used by fitters mostly range from 8 in. to 18 in. 
in length. 

Handling the Files. If much roughing down 
has to be done, the bulk of the material is re- 
moved with a bastard, or a middle-cut file. 
Generally, too, the earlier work is effected with 
the back of a half round file, as this cuts faster 
than a flat face does. The direction of the thrust 
is changed constantly—from straightforward to 
diagonally, and to right and left, which also 
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will take care of themselves, and the difficult 
task is to prevent the surface from becoming 
convex. When only a small quantity remains 
to be removed, a smooth cut file is taken, the 
pressure is lessened, and the action of the tool 
is more localized by differences of pressure on 
various parts. The file is handled delicately and 
its point is directed to high parts. 

The efficiency of files is lessened if the teeth 
are allowed to become choked, or if they are 
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economizes time. Maximum pressure is exer- 
cised—that of the whole upper part of the body, 
with the right elbow close to the body, and 
the surface of the work properly rather lower. 
The pressure is only maintained on the forward 
stroke, being relieved on the return to save the 
teeth from dragging, and becoming dulled 
quickly, or broken. The file is uot lifted clear, 
but the pressure is taken off. The right hand 
grasps the ball of the handle, the left grips the 
file point. The pressure should be graduated, 
harder with the left hand on the point at the 
commencement of the stroke, and with the right 
hand on the handle when near its termination. 
The aim should be to localize the pressure about 
the central portions of the work. The edges 


used on wrought iron and steel, and afterwards 
on brass. When the teeth become pinny with 
particles from the greasy metals, they are 
cleaned with card-wire nailed on a flat piece of 
wood, provided with a handle. If this does not 
remove the particles, a bit of pointed wire, or a 
wire flattened and serrated at one end is used. 
The Surface Plate. In the early stages of 
roughing down, a straight-edge is requisitioned 
to afford tests for approximations to accuracy. 
But this is of little use for broad surfaces, though 
it serves for narrow strips. Even for these, and 
for all wide areas, and for all fine finishing the 
surface plate is required. But the accuracy of 
the plate will be impaired if roughly filed sur- 
faces are rubbed in contact with it, so that it is 
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not resorted to until the surface of the work has 
been finished as far as possible with smooth 
files, and tested with the straight-edge in all 
directions. A little red lead in oil may be 
rubbed on the straight-edge when the final 
corrections are being made. 

Surface plates are constructed in a rather 
wide range of dimensions, and are kept on the 
fitters’ benches adjacent to the vices. They are 


of cast iron, ribbed on the under sides, generally 
rectangular and oblong, though some of the 
Figs. 30 and 31 show two 


smallest are circular. 
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the other, a feature that also characterizes the 
Johansson gauge blocks. In use, they are 
smeared with the thinnest solution of red lead 
in oil, the transference of which to the work 
under test shows the high parts, from whence 
material is to be removed with file or scrape. 
In the final tests, even the red lead is not 
necessary, but bright areas, indicated by the 
rubbing of the work on the plate show where 
metal has to be scraped away. 

The Scrape. Only when finely accurate 
sliding fits are required is filing followed by 


EXAMPLES 


styles of plates. The ribbings are different, and 
Fig. 31 has handles used for convenience of turn- 
ing the plate over on surfaces of massive work 
that cannot be moved to the plate. When not 
in use, the surfaces are protected with wooden 
covers, which are not in actual contact. Plates 
do not lie with continuous contact on the bench 
which might cause distortion, but are supported 
on nibs at the corners. The method demon- 
strated by Whitworth of the origination of 
accurate surface plates and straight-edges by 
the mutual corrections of three of each is familiar. 
Manufactured plates are tested from a large 
master plate. If plates are perfect, one will lift 
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scraping. Scrapes are usually made from worn 
files. For straightforward work, the end is 
spread out and thinned down as in Fig. 32. 
The end is ground straight across, or with the 
smallest possible convexity. It is finished 
smoothly on a hone. It is held at a high angle 
with the face of the work, and pressed and 
pushed straightforwards, but the direction of 
movement is repeatedly changed. The metal 
is removed in the form of very fine dust. For 
working in overhanging vees, the end is forged 
at a bevel, Fig. 33. Concavities, as those of 
bearings, require a tool like Fig. 34, which is 
worked laterally. 
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GEARING 


By Henry E. Merritt, M.Sc. (ENG.) 


LESSON IV 
THE DESIGN OF SPUR GEARING 


TootH PROPORTIONS 


IN a previous lesson the elements of a gear tooth 
were discussed, and the proportions adopted as 
standard in tooth design may now be dealt with. 

Pressure Angle. An angle of 144° is very 
widely (and very often injudiciously) employed 
as the pressure angle of involute gears. This 
angle was selected very many decades ago, 
probably because of the fact that the sine of 
this angle is almost exactly 4, which may have 
made it easy to set out on a drawing board. 
This advantage, which at the present time has 
no value whatever, is accompanied by several 
grave defects in so far as tooth strength and 
tooth action are concerned, and in consequence 
of this a pressure angle of 20° is becoming more 
and more widely used. It sometimes happens, 
however, that neither of these angles gives the 
best possible results, and angles of 224° and 25°, 
or any intermediate value, may be used if 
necessary. 

Addendum, Dedendum, and Clearance. The 
following proportions are usually regarded -as 


standard— 
Addendum = -3183 X circular pitch 
circular pitch 


T 


I 
= diametral pitch 
= T'o X module 
Dedendum = -3683 X circular pitch 
L157 
~ diametral pitch 
= r:157 X module. 
Clearance = 05 X circular pitch 
“157 
~ diametral pitch 
= :157 X module. 


These proportions are a curious mixture, the 
addendum being made a round figure in terms 
of diametral and module pitch, and the clear- 
ance expressed as a fraction of the circular 
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pitch. The above value for the clearance is 
exceeded in the standard systems adopted by 
certain gear manufacturing concerns, and the 
David Brown “roloid’’ tooth recently intro- 
duced has a clearance of 0-2 X module. 

STUB TEETH. The chief defect of the 144° 
pressure angle lies in the weakening of the 
tooth and the reduction in contact caused by 
“ undercutting ” (discussed later), and to elimin- 
ate this the pressure angle was increased. In 
addition, however, there arose a tendency to- 
wards the use of “ stub teeth,” i.e. teeth the 
height of which is decreased. It has been 
claimed by the advocates of the stub tooth that 
greater strength and durability, and numerous 
other advantages, result from its use. This is 
very much to be doubted, and the stub tooth 
is now steadily losing ground in favour of the 
full depth tooth. 

Of the various systems of stub teeth, the 
Fellows system is perhaps the best known. It 
involves the use of two diametral pitches, one 
for calculating the pitch diameters and the 
other for calculating the depth of the tooth. 
A pitch described as £ pitch, for example, has 
a pitch and tooth thickness corresponding to 
6 DP. and an addendum, dedendum, etc., 
corresponding to 8DP. In this system the 
clearance is made equal to one-quarter of the 
addendum. The system lends itself to the 
design of the machine and the manufacture of 
the cutters produced by its originators, but the 
resulting gears are not only geometrically dis- 
similar for different pitches, but have less effec- 
tive wearing area, less overlap of tooth contact 
and (except with relatively small numbers of 
teeth) less actual strength than the full-depth 
tooth. 

Standard Notation. In order to facilitate 
study and investigation of the subject, the 
notation employed for all types of gear should 
be uniform. The system given below has been 
adopted by Messrs. David Brown & Sons, Ltd., 
and is known as DBS Standard Notation. 


C = centre distance between axes of shafts. 
D = pitch diameter of wheel. 

d = pitch diameter of pinion, 

y = pressure angle, 
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T = number of teeth in wheel. 

t = number of teeth in pinion 

P = diametral pitch. 

p = circular pitch. 

A = addendum of wheel = height of tooth 
above the pitch circle. 

a = addendum of pinion. 

B =dedendum of wheel = depth of tooth 
below pitch circle. 

b = dedendum of pinion. 

c = clearance = dedendum — addendum. 

O = overall diameter of wheel = diameter 
of blank before cutting teeth. 

o = overall diameter of pinion. 

I = root diameter of wheel = diameter at 
the roots of the teeth. 

2 = root diameter of pinion. 

f = width of face. 

: teeth in wheel 

R = gearratio = teeth in pinion ‘ 

N = speed of wheel, revs. per minute 

n = speed of pinion, revs. per minute 


This system is illustrated by Fig. 24. It will 
be noted that as far as possible the symbols are 
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Fic. 24. NOTATION OF GEAR ELEMENTS 
DBS Standard Spur Gear Notation 


arranged to act as mnemonics (note: a for above 
the pitch circle, and b for below the pitch circle), 
and that if a given dimension has different 
values for the wheel and pinion the capital is 
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used for the wheel and the small letter (lower 
case or minuscule) for the pinion. 

General Formulae. The pitch diameters and 
centre distance are connected by the relation— 

Dea 2Ce. ; : : EE) 
If the gear ratio is R 
Dc TR Sa! 

so that if the centre distance is given, the pitch 
diameters can be found from 


ne n . (2a) 
2G 
ay eee . (2b) 


The pitch diameters are found from the pitch 
and numbers of teeth by 


Pee: 

4=5-2 . (3a) 
fhe” a 

D=5=-— - (3b) 


so that combining (1) and (3) 
t+T_¢+Dp 

PS tad T 

The centre distance should be selected to 
accommodate a standard pitch so that existing 
tools may be utilized. : 

Detail Dimensions. If the number of teeth 
and pitch of a gear be given its detail dimensions 
can be found from the following— 

Overall Diameter 


20 S 


T 
Losna E fee 
or Er oe 


Root diameter 


=f =p ape a a ie 
T 
s page 22 eae 
P T 
Tooth thickness (circular) 
a By 15708 
mas Ye 


Undercutting. The defect known as under- 
cutting arises out of a peculiarity of the involute 
system. It has already been explained (Lesson 
III) that correct involute contact can only occur 
along the tangent to the base circles. This 
tangent meets the base circles at the “ inter- 
ference points,” and the limiting value of the 
addendum of either of a pair of gears is that at 
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which the addendum circle passes through the 
interference point, as shown in Fig. 25. This 
is the maximum useful value if the tooth profile 
of the mating gear could be made a true involute 
as far as the base circle, but this may be pre- 
vented by undercutting, which occurs during the 
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Fic 25. THEORETICAL MAXIMUM ADDENDUM 


process of generation. Taking the rack-planing 
process as the simplest example, consider the 
rack cutter advancing with the blank, as shown 
in Fig. 26. When the rack tooth has reached 
the position shown it will make contact with the 
involute at the base circle, but if it advances 
farther the tip of the cutter tooth will describe 
a curve shown by the dotted line which will 
“ interfere ” with the involute already formed, 
and contact to the interference point will be no 
longer possible. Such a tooth is said to be 
undercut, and a typical example is shown in 
Fig. 27. These gears have 11 teeth, 20° pres- 
sure angle, and the path of contact terminates 
at the points shown. There is no overlap of 
contact with these gears, and they would 
inevitably be noisy. 

Minimum Number of Teeth. The minimum 
number of teeth below which undercutting 
occurs with the rack generating or hobbing pro- 
cesses can be calculated. This number is 32 in 
the case of the 144° pressure angle, and 17 in 
the case of the 20° pressure angle. 

Correction for Undercutting. It does not 
necessarily follow that undercutting affects the 
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tooth contact, and equal gears of 26 teeth, 144° 
pressure angle, will work correctly. The mini- 
mum number of teeth depends upon the gear 
ratio, and if fewer teeth are required, “ correc- 
tion ” is applied, whereby the addendum of the 
pinion is increased and that of the wheel de- 
creased. This form of correction may be com- 
bined with an increase in pressure angle. The 
question of correction is rather involved, how- 
ever, and cannot be adequately dealt with here, 
and reference should be made to the publications 
of gear manufacturers or a modern textbook. 


THE STRENGTH OF GEAR TEETH 


Tooth Load. The load acting tangentially 
at the pitch circles can be calculated if the 
horse-power, speed, and pitch diameter are 
known. Thus, if F is the tangential pitch line 
load in lb., Ap. the horse-power, d the ditch 
diameter in inches, and the speed in revolu- 
tions per minute 

126,000 hp. 
i d.n 


The normal tooth reaction acts in the direction 
of the path of contact and is found from 

F 
cosy 
This normal force F,„ is the total thrust on the 
gear which must be carried by the bearings. 


Ry = 


Possible contact ends 


TE A 


UNDERCUTTING IN RACK-GENERATED 
INVOLUTE GEARS 


Fic 26: 


Peripheral Velocity. The pheripheral velocity 
of the teeth may be calculated from 

vy = -262 d.n ft. per min. 

Strength of a Tooth. The load acting on a 
tooth tends to break it at the root, and the 
tooth must thus be strong enough as a cantilever 
to resist the load. The method of calculating 
the strength of a tooth often adopted is that 
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due to Wilfred Lewis, and introduced some 30 
years ago. According to this method the load 
is assumed to act at the top of the tooth; the 


Fic. 27. UNDERCUTTING IN II T. 
20° PINIONS 


weakest section is then determined graphically 
and the strength deduced. This leads to a 
formula 

[Es Salis Yp 
where F = tooth load, S = stress, f= face 
width and # the circular pitch, the units 
being lbs. and inches. The factor Y allows for 
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the difference in tooth strength of gears with dif- 
ferent numbers of teeth, but the stresses em- 
ployed are more or less arbitrary. Values for 
Y are given in most mechanical handbooks. 
Effect of Velocity. Any slight inaccuracy in 
tooth profile or pitch causes accelerations and 
decelerations which at high speeds may lead to 
excessive stresses. The precise effect of velocity 
upon stress is not definitely known, and the rule 
mostly used is entirely empirical. This rule is 


Safe working stress = (safe static stress) 
600 
600 +v 


where v is the peripheral velocity in ft. per 
minute. According to other authorities, the 
effect of velocity is totally different from that 
represented by the above formula. On the 
other hand, the effect of wear must also be 
considered, and gears designed by the preceding 
formulae are usually satisfactory from this 
point of view. 

Researches are being undertaken in several 
quarters with a view to determining more accu- 
rately the effect of tooth errors and velocity on 
the strength of gears, and further information 
will doubtless be forthcoming in the near future. 


PATENTS FOR INVENTION 


By W. E. Dommett, Wu.Ex., M.I.Mar.E., A.F.R.AES. 


LESSON II 
APPLICATIONS FOR PATENTS 


ALL applications for patents must be made to 
the Comptroller, The Patent Office, 25 South- 
ampton Buildings, London, W.C., who is the 
- authority empowered to administer and carry 
out the provisions of the Patents Acts of 1907 
and 1919 which regularize the whole procedure 
of the present-day patent system. The applica- 
tion should be made on Form 1, copies of which 
can be obtained from The Patent Office, or 
from any General Post Office. 


APPLICATION Form. FORM I 


At the top of Form I we find that the name of 
the applicant or names of the applicants have 


to be inserted, which naturally calls for an 
instruction as to who may apply for a patent. 
The inventor, or inventors if there is more 
than one inventor, must be among the applicants. 
In addition, there may be a co-applicant or co- 
applicants. i 

The co-applicant is usually the financial party 
to the invention providing money for its develop- 
ment, or occasionally it is the firm (or a nomin- 
ated member of the firm) for whom the inventor 
works. It depends upon any agreement which 
exists or the particular relationship of the inven- 
tor to the firm as to whether the latter is also 
an applicant. It is also necessary to give the 
addresses and nationality of the applicants. 
This part of the form is not very hard to fill in, 
so that an example does not seem to be necessary. 
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The printed form then goes on “ do hereby 
declare that I am (or we are) in possession of an 
invention, the title of which is ......-.-ccesce o 
Now this question of the choice of a title needs 
just a little thought. According to established 
practice, the title must clearly indicate the 
subject-matter of the invention. Suppose the 
invention to consist in making a screw propeller 
of a number of thin steel sheets riveted 
together, a title such as “ Improvements in 
the propulsion of ships” or “ Improvements 
in propellers” would not be suitable, since 
there are so many different ways of propelling 
ships and a large number of types of propellers. 
A suitable title then would be “ Improvements 
in screw propellers.” There is one pitfall which 
the average inventor must be warned against, 
and that is the temptation to include one’s 
name in the title or to coin some fancy title. 
A title such as “The Jones Propeller,” or 
“The Ideal Propeller,” or “The Rolls-Royce 
Propeller,” is entirely unsuitable, and must not 
be employed. In fact, the matter should be 
treated entirely from its technical aspect, and not 
from some possible commercial or egotistic aspect. 

The next paragraph is in the form of a declara- 
(GLORRIS 2? OER Eee eee renee claim to be the true and 
first inventor thereof; that the same is not in 
use by any other person or persons to the best 
of my (or our) knowledge and belief ; and I (or 
we) humbly pray that a patent may be granted 
to me (or us) for the said invention.” In the 
case of a single inventor it is only necessary to 
insert “ I ” after the first word “ that ’’ and to 
cross out the three sets of words in brackets. 

In the case of a number of applicants with 
only one of them as the actual inventor, then 
the insertion after the first word should be “I, 
Henry Jones.” If all the applicants are co-in- 
ventors it is sufficient to insert the word ‘‘ We,” 
but where there is a number of applicants, not 
all of whom are co-inventors, then the inser- 
tion is in the form “ We, Henry Jones and 
William Smith.” It naturally follows that with 
two or more co-inventors the declaration has to 
be modified by cutting out the references in the 
singular to “my,” “1,” “me,” and retaining 
the corresponding plurals “ our,” “ we,” “ us.” 
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At the bottom of the form is a space for the 
signatures of all the co-applicants. 

Overleaf is a space for giving an address for 
service. If the application is being dealt with 
personally, and without the assistance of a 
patent agent, then the paragraph at the bottom 
of the form is used. If, however, an agent or 
solicitor is to represent the applicant, then the 
upper paragraph is filled in. 

When filled in the form should be stamped with 
a {1 stamp. 

Patent Agents. As with all other departments 
of business involving legal procedure, it is with- 
out doubt highly desirable to employ a practi- 
tioner qualified in that particular department, 
and patent procedure is no exception. To 
obtain the fullest cover and patent protection 
with the least possible risk of mishaps, both 
during the procedure in the Patent Office and 
commercially after the grant of the patent, it 
is practically essential to employ a registered 
patent agent. Whilst the information conveyed 
in these articles is primarily intended for those 
who may make their own patent applications, 
yet it should also be of assistance to those 
employing an agent, because the information 
which the agent requires can be given in such a 
manner that he has the best chance of drawing 
up the patent specification in the most useful 
form, and with the least possible chance of 
misunderstanding. 

Patent Specifications. The application form, 
Form 1, should be accompanied by a specifica- 
tion, either a provisional specification or a com- 
plete specification. A provisional specification 
is filed when the details of the invention are not 
fully worked out, or when time is required to 
test the invention to see whether it is workable 
or not, or when finance is a matter for considera- 
tion or for some similar reason. 

When a provisional specification is filed with 
the application, then within nine months it must 
be followed by a complete specification which 
amplifies the description of the nature of the 
invention described in the provisional specifica- 
tion, and “ particularly describes and ascertains 
the nature of the invention and the manner in 
which the same is to be performed.” 
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NOTABLE EVENTS IN ENGINEERING HISTORY 


By E. A. Forwarp, A.R.C.S., M.I.Mecu.E. 


LESSON III 
POWER PRODUCTION 


Animal and Water Motors. Until the invention 
of the steam-engine, the industrial work of the 
world was done by harnessing those obvious 
sources of power, animals, wind, and water, 
while of these the first named 
performed the greatest share. 
When rotatory motion was 
required, a form of tread- 
wheel was employed, or else 
a vertical shaft was turned 
by levers to which animals 
were attached (Fig. 10). 

Water power, which is 
more constant than the wind, 
was first utilized by means 
of the water-wheel; this 
formed the principal source 
of power for centuries, and 
led to the establishment of 
factories on or near rivers. 
The water-wheel however, 
could not make use of high 
falls, so that the hydraulic 
turbine began to supersede 
it after the first quarter of 
the nineteenth century. The 
introduction of the dynamo, 
and the possibility of trans- 
mitting power electrically 
over long distances, has now made it practicable 
to utilize sources of water power far removed 
from industrial centres. This has led to a great 
advance in the design of efficient hydraulic prime 
movers, capable of developing large powers with 
close speed regulation, and these are super- 
` seding the heat engine wherever the necessary 
water supply is available. 

Water-wheels. The first form of water-wheel 
was the simple current wheel which was cer- 
tainly known in the first century, B.c. This 
was followed by bucket-wheels, utilizing the 
weight as well as the momentum of the water 
(Fig. 11). For low falls the undershot wheel 
was devised, in which the water acts mainly by 
impulse, and Poncelet, in 1824, greatly improved 
its efficiency by suitably curving the vanes. 


By permission of 


For falls up to 15 ft., the breast wheel is 
adopted, in which the water enters the buckets 
at about the level of the axis, and for falls up 
to 50 ft., the overshot wheel, in which the water 
is admitted at the top of the wheel, is more 
suitable. In both these the water acts mainly 


by gravity. 
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Hydraulic Turbines. Turbines may be divided 
into two classes, impulse and reaction, according 
as the whole or only a part of the available 
energy is converted into kinetic energy before 
acting on the moving wheel. 

The earliest form of impulse turbine con- 
sisted of a wheel having radial vanes, upon 
which a rapid stream of water was directed 
tangentially by a shoot. Wheels with concave 
vanes were in use before 1737, and Poncelet, in 
1827, proved their superiority. In the miners’ 
wheels of California the water was directed by a 
pipe on to flat vanes, and later to vanes of cup 
shape. The great improvement was made, in 
1874, by J. Moore, who formed the cups with a 
central wedge-shaped ridge which split the jet. 
L. A. Pelton, independently, arrived at the same 
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form in 1878, and to him its commercial intro- 
S As a ‘stream of 
water moving at a high velocity cannot be 


duction was due (Fig. 12). 


= IZ 
ATONEN] 
BLA 2 
tii | CZ 
Casa 


EA 


ey 


Fic. 


SIXTEENTH CENTURY CURRENT WHEEL 


quickly stopped, regulation was at first secured 
by deflecting the jet away from the wheel. 
Afterwards the needle nozzle was introduced, by 
which the area of the jet is gradually changed 
under the action of a servo-motor controlled by 
a centrifugal governor. 

Besides the tangential flow 
Pelton wheel, the impulse tur- 
bine was developed as an axial 
or radial flow machine by 
Girard, but it was less efficient 
than the Pelton wheel, so 
that it is now little used. 

Owing to its simplicity, 
ease of regulation, and high 
efficiency, the Pelton wheel, 
which is probably the most 
perfect of all hydraulic 
prime movers, is the form 
of turbine now generally 
used for heads above 400 
ft., while for units up to 
15,000 h.p., and with heads 
from 100 to 400 ft., it is in 
many cases preferable to 
other forms of turbine. 

In the reaction turbine the 
water is directed over the 
whole periphery of the guide 
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vanes, the water being under pressure on entry. 
The change of momentum of the water in its pas- 
sage through the wheel provides a reaction on the 


= === 
Wille 


SS 
UTI 


SECTION OF OVERSHOT WATER-WHEEL 


moving vanes, causing them to revolve. This 
type of turbine is subdivided, according as the 
flow of water is radial or axial, or a combination 
of the two, while radial flow machines may have 
inward or outward flow. 


the Durector of the dcre 
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The outward flow type originated in the 
well-known but inefficient Barker’s mill, first 
put into practice about 1740. This was of 
little importance, but an improved form, pro- 
posed by Mathon de la Cour in 1775, and 
constructed by Whitelaw in 1839, was used to 
some extent. 

The first practical axial flow turbine was the 
Borda wheel, in which the water was led to the 
top of an annular drum provided with curved 
inclined vanes, but the first serious step towards 
the development of such turbines was made by 
Fourneyron, in 1827, with his radial outward 
flow turbine, which was the first highly efficient 
machine (Fig. 13). In it the water is supplied 
to a series, of guide vanes by means of which it 
is directed on to the curved vanes of the wheel. 
In 1834, he regulated the turbine by a sliding 
gate which throttled the supply or the discharge. 
The first turbines at Niagara, of 5,500 h.p., were 
of this type. 

The next important machine was the axial 
flow turbine, brought out by Jouval in 1841. 
This was a shortened form of the Borda wheel 
with guide vanes added. It is suitable for 
moderate heads, and was at one time largely 
used throughout Europe. 

Possibly the most important step in turbine 
design was due to J. B. Francis who, in 1849, 
placed the guide vanes of the radial flow machine 
outside the wheel, thus making the flow inward. 
This gave a steadier flow through the wheel, 
increased the accessibility of the guide passages, 
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Fig. 13. FoURNEYRON TURBINE WITH MODEL oF VANES 


and made it possible to use 
better methods of regulation. 
The wheel was afterwards 
improved by constructing 
the vanes so as to give a 
combined radial and axial 
discharge. 

The vortex turbine, in- 
vented by Prof. J. Thomson 
in 1850, is an inward flow tur- 
bine with a runner similar to 
that of the Francis, but it 
is mounted in a spiral casing, 
round which the water flows 
before entering the guide 
vanes. The latter consists of 
a number of hinged plates or 
wickets placed round the 
circumference and pivoted 
near their inner ends; they 
are coupled together so as to 
rotate and shut off the water 
equally all round, and a practically constant 
efficiency is obtained at all loads (Fig. 14). 

The wicket-gate regulator is so superior to 
any other that it is now the standard form 
adopted with the Francis turbine as well, and 
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it is usually operated by an oil pressure relay 
controlled by a centrifugal governor. The 
Francis turbine is now the most generally used 
turbine for low or medium falls up to 500 ft. 
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BLAST FURNACE PRACTICE 


By Percy C. R. Kinescorr, D.I.C., A.R.C.Sc., F.I.C., B.Sc.(Lonp.) 


LESSON III 
THE FURNACE—(conid.) 


Furnace Linings are made of firebricks, the 
character of which must be such that they are 
capable of withstanding the severity of the 
attacks to which they are liable. The life of 
the furnace usually depends upon the quality 
of its lining. 7 


Fic. 4. DIAGRAM OF FURNACE TOP 


Showing cone top, gas outlets and downcomers, gas valves, double 
ell charger and stock-line protection 


Very refractory bricks are necessary in the 
hearth and bosh, where high temperature and 
scouring slags are encountered. The stack 
lining should be built of bricks capable of with- 
standing the abrasive action of the ascending 
gases and the descending materials. The top 
bricks, although usually of the same character 
as the main lining, should be chosen with a view 
to the resistance of intense abrasive shocks, the 
temperature in this zone under normal condi- 
tions not being excessive. 


Hearth and bosh bricks are made of refractory 
clay, and are of coarse texture. Stack bricks 
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are made of finely ground, thoroughly burned, 
plastic clay. Top bricks are usually more 
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vitreous in character than the others, the 
refractoriness giving place to-density. Furnace 
bricks should contain the minimum amount of 


242 


oxide of iron, as this causes failure when subject 
to the action of reducing gas. 

Joints, especially in the hearth and bosh, 
should be exceedingly narrow, being made with 
a thin slurry of clay and water, the former 
being preferably of the same character as the 
clay composing the brick. The courses should 
be well laid, and all excess clay squeezed out 
of the joints. 
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cone top in which the top of the furnace shell 
is shaped so that it can be joined tightly to the 
hopper, and the gas downcomers can thus be 
placed at the top of the furnace, a position 
previously filled with useless masonry or clay 
packing. Fig. 4 shows in diagram this type of 
furnace top. 

The earliest form of blast furnace was open 
at the top, thus allowing the gases freely to 


Fic. 7. SECTION THROUGH PLANT 
Showing furnace, charger, stoves, dust catchers, gas and air mains, gantry and bunkers, and pig-bed crane 


A space is left between the casing and the 
lining, and is sometimes filled loosely with slag 
wool or granulated slag. 

There is a tendency, nowadays, to use small 
bricks of standard dimensions, viz., 13}in., as 
these are more easily handled than the large 
blocks formerly in use, and are also capable of 
being made of better shape and with more 
uniform burning by the brick maker. 

The Furnace Top is generally bolted down to 
brackets from the shell, the former also support- 
ing the hopper ring. In the past, the hopper 
ring was not secured, and considerable trouble 
was experienced through explosions or furnace 
slips displacing it. Modern design embodies a 


escape and burn. In order to avoid this waste 
the top was closed with the familiar bell and 
hopper, although, in some furnaces still in 
operation, the ores are tipped into a cylindrical 
vertical tube, which descends some distance down 
the centre of the stack. The gases in this latter 
type are taken out by a downcomer, placed near 
the top of the annular space between this 
central tube and the furnace shell. 

In the bell and hopper type, the operation of 
the bell during the lowering of the burden 
causes the escape of gas. To obviate this loss, 
the use of a second smaller bell in the nature of 
a gas seal has been adopted in many kinds of 
construction. The burden is first dumped on 
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to this small bell which, when lowered, causes 
the materials to be deposited on the main bell. 
The latter can then be lowered, and, as the top 
bell is shut, no gases escape. 

Bell. The main bell is usually of cast-steel, 
or of a steel fabricated type, the latter being 
fitted with a cast lip which engages with the 
rim of the hopper, the joint being carefully 
machined. The angle of the bell is usually 40 
to 50°, and its diameter varies according to the 
diameter of the furnace throat. A clearance of 


2 ft. round the bell is usually allowed in design ; 
another rough rule within a limited range of 
diameter is to allow for the area of the throat 
to be double the plane area of the bell. The 
joints of an assembled bell should be strongly 


Fic. 8 
rivetted or, preferably, welded together. A 
solid bell should be carefully annealed to avoid 
distortion if subjected to heat. 

Distribution of Burden on Bell. From the 
point of view of regularity of operation and 
economy in production, the distribution of ores, 
etc., on the bell is of paramount importance. 
Experience has taught that the burden must be 
symmetrically distributed about axes making 
equal angles, and that in the event of charging 
coarse and fine materials, these must be spread 
in such a manner that an even flow of gases up 
the stack is rendered possible. With this in 
view, it is best to dump the burden in equally- 
spaced heaps on the bell. Usually, in hand- 
charged furnaces, a number of segments of the 
hopper are arbitrarily taken, and the materials 
tipped in sequence round the bell, each compo- 
nent in the burden, other than coke, thus being 
caused to take on a spiral formation in the 
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body of the furnace. By the use of a proper 
sized and shaped bell, the system adopted in 
hand charging gives the best results, and in 
mechanical charging such movements are, as far 
as possible, copied. 

Hand Charging. Usually there are two men 
charging a furnace, and the practice adopted is 
for them to dump barrows of material simul- 
taneously at points immediately opposite one 
another. The coke and the ores are usually 
dumped separately, the size of the coke charge 
depending upon several factors, one being the 
size of the furnace. The bell is lowered by 
means of hydraulic or steam power, this being 
assisted naturally by the weight of the material 
on the bell. It is closed either by a counter- 
weight or by means of power, or by both. 

The barrows of material, after weighing, are 
taken to the top of the furnace by means of 
hoists or lifts operated in various ways. 
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Mechanical Charging. Several types of me- 
chanical charging apparatus have been designed 
in modern practice. Briefly, the materials are 
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taken to the furnace top by means of skips or 
buckets, which travel on inclined or vertical- 
horizontal hoists and are then, by 
various means, caused to deposit 
their contents on to the furnace 
bell. 

In skip charging, the materials 
are conveyed from the bunkers by 
means of scale-cars to the chute 
feeding the skip, which is in its 
lowest position. 
The latter is 
then run up the 
inclined hoist, 
the power be- 
ing applied by 
means of a 
hoisting rope 
attached to the 
bogie of the 
skip. On reach- 
ing the furnace 
top, the skip, 
by means of a 
system of 
curved rails, is 
caused to turn 
upside down, thus depositing its 
contents either on to the bell or, 
generally, into a special hopper. 

With bucket charging, the mate- 
rials are loaded at the bunker chutes 
into large buckets, the bottoms of 
which consist of a cone attached to 
a rod running up the middle of the 
bucket, which is provided with a 
hook at its upperend. The bucket 
is carried on scale-cars and, by 
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means of mechanism, the former is caused to ro- 
tate during the operation of loading. When filled 
with the correct weight of mixture or coke, the 
buckets are carried to the furnace top, up 
inclined or vertical-horizontal hoists and sus- 
pended by means of the hook arrangement. On 
lowering the bucket on to the furnace top, the 
cone in the bucket drops and liberates the 
burden which is deposited on the bell. To 
prevent the loss of gas, the bell of the bucket, in 
some forms of construction, carries a gas seal 
bell down with it, and on raising the bucket, the 
gas seal becomes seated through the action of a 
counterweight. In other simpler designs, the 
bucket is provided with a lid, and the lowering 
of the bucket operates the main furnace bell, 
but this arrangement is not so satisfactory as 
that making use of two distinct bells. 

By rotating the bucket continuously whilst 
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being loaded, it is claimed that the materials 
are distributed evenly, the lumps and fines 
being equally placed in uniform rings. It is 
probable that coke receives a lesser number of 
drops in this system. This type of charging 
apparatus is used largely in Europe. Figs. 5, 
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5-10 (inclusive) are reproduced by kind per- 
mission of J. M. Ringquist, Esq., of Messrs. 
Head, Wrightson & Co., Ltd., Stockton-on-Tees. 

Skip Filling. In order to effect the correct 
distribution of burden on the bell, several types 
of rotating tops have been devised for skip 
filling, the principal ones being the Brown, the 
Baker, and the McKee tops. 

The first consists of a hopper in the form of a 
chute which, by an arrangement of gearing, 
rotates through a portion of a circle, usually a 


FIG. 13¢. 


6, 7, and 8 show typical arrangements of bucket 
charging, using inclined and vertical-horizontal 
hoists. Fig. 9 shows two buckets on a scale-car ; 
Fig. 10 shows the bucket resting on the top of the 
furnace. The closing of the furnace is effected 
by two bells, the main and gas seal. The 
former is suspended by a 3-point suspension on 
an annular ring, supported from bell beams. 
The suspension rods slide in floating stuffing 
boxes, the 3-point suspension ensuring vertical 
movement. The upper bell is closed by a 
counterweight ; the main bell is operated by 
hydraulic cylinders. This photograph shows 
also the operation of a bell and hopper. Figs. 


FIG. 13D. Morrison ELECTRIC BELL HoIsT 
(H. A. Brassert & Co.) 


few degrees more than 90°, so that.it returns to 
its original position only after a great number of 
movements. The gas seal consists of a flap at 
the bottom of the chute, which is closed by the 
operation of the main bell. In some cases the 
flap is loose ; its normal position being closed, 
and the weight of the burden opening it. The 
burden is shot from the skip into the hopper, 
thence to successive points on the bell. It has 
the objection that, in the two positions repre- 
sented when (a) the skip discharges straight 
through the chute on the bell, and (b) when the 
the chute is at 180° to the direction of discharge 
from the skip, the materials are disposed 


246 


unsymmetrically on the bell and in the furnace, 
this ultimately leading to trouble with the lining 
of the furnace. 

Fig. 11 shows in diagrammatic form the 
essentials of a Brown top. 

The second type consists essentially of a 
deflector plate, elliptical in outline, fixed to the 
small gas seal bell, which is, in turn, fixed to a 
bell rod, which is capable of rotation when it is 
being raised. When the gas seal is open, the 
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BELL OPERATING RiGs, AUTOMATICALLY CONTROLLED 


deflector plate is in such a position that it 
forms an extension of the hopper receiving shelf. 
A ‘diagram of this top is shown in Fig. 12. 

The modern McKee top consists of a stationary 
vertical receiving hopper placed immediately 
above a cylindrical rotating hopper, which can be 
rotated to four or six points, the gasseal revolving 
with it. The mechanism is provided with ball 
races, including the hollow bell rod to the seal, 
the movements being effected by an electric 
motor as distinct from the Brown type, which is 
driven by the rotation of the sheaves through 
ratchet wheel and gears. The McKee top is 
shown in Fig. 13. The two bells are operated 
by suitably designed bell arms which are 
operated from below in the main hoist house, 
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either by steam or air cylinder or electrically by 
the Morrison patent blast furnace bells electrical 
automatic control, installed by Messrs. Brassert 
& Co. 

The double skip incline allows one skip of 
material to be dumped into the receiver hopper 
B, as shown in Fig. 13B, reproduced by permis- 
sion of Messrs. H. A. Brassert & Co. The 
material then falls into the little bell rotating 
hopper A. The furnace charge is usually 
divided into six skip loads, 
the ore and coke being in 
any combination suitable 
to the practice. The num- 
ber of degrees the distri- 
butor revolves is usually 
60°. The little bell hopper 
is not connected to the 
receiving hopper, but, with 
the small bell rests on ball 
bearingsC. The distributor 
is not revolved for the first 
set of six skips; it is re- 
volved 60° each skip load 
for the next set, 120° each 
during the third set, and 
advancing 60° with each 
set. Indicators are in- 
stalled in the hoist house 
- E enabling the operator to see 
exactly where charging and 
distribution have reached 
in any particular cycle. 

The Morrison gear is shown in Figs. 13C and D. 
One operation of the controller accomplishes a 
full round trip of the bell. 

A material difference between this top and 
those of Brown and Baker, is that the former 
actually rotates the charge, while the latter 
merely rotates the chute to receive it. The 
McKee top has thus removed the source of the 
irregularities inherent in the original Brown, and 
other distributors. 

Skip charging predominates in the United 
States of America. The Crockard single skip 
top, used in Alabama, consists of a revolving 
distributor spout with a top gas seal bell over 
which are arranged movable deflecting plates to 
minimize segregation. 
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By J. F. Corrican, M.Sc., A.I.C. 


LESSON V 


THE PISTON AND THE 
SAFETY VALVE 


DR. DENIS PAPIN 


Wiru the advent of Dr. Denis Papin, a French 
physician, born at Blois about the middle of the 
seventeenth century, and a French refugee 
resident in London, came two very important 
developments in the science of the steam-engine. 
They were, respectively, the invention of the 
safety valve and the movable piston. 

“ Papin’s Digester ” is a piece of laboratory 
apparatus which is well known even at the 
present day. The apparatus itself consists of a 
strong iron boiler in which water is heated, and 
in the upper end of which is fitted a safety valve, 
the operating pressure of the latter being regu- 
lated by weights suspended from a long arm 
attached thereto. Papin devised his “ diges- 
ter,” or “ steam boiler,” as he called it, for the 


Dr. DENIS PAPIN 


purpose of softening bones, and other materials. 
A supper cooked by means of the “ Digester ” 
was once served up to the members of the Royal 
Society, the diarist, Evelyn, who was present on 


the occasion, giving a humorous account of it 
in his writings. 

Papin, however, hardly realized the tremen- 
dous advance which he had made in engineering 
science by his introduction of the safety valve. 
On the contrary, he considered his digester to be 


Papin’s ‘‘ DIGESTER ” 


little more than a philosophical toy, and he did 
not take any steps to apply the principle any 
farther. 

The first conception of the piston is also 
due to Papin. He conceived the idea of explod- 
ing gunpowder in an enclosed cylinder, and of 
making the expansive force of the products of 
combustion do useful work in moving a circular 
plate up the cylinder. In practice, however, 
the device proved to be too dangerous, for the 
gunpowder explosion was too violent to permit 
of the expansive force being usefully applied in 
this direction. Still, the fundamental idea of the 
movable piston had come. Papin was undoubt- 
edly a genius in this respect, and it is, of course, 
on the basis of his piston that most of our 
modern engines have been evolved. 

An improved type of steam pump was 
devised by Papin. Such a device, as will be 
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seen from the illustration, consisted of his 
steam digester or boiler in which a supply of 
water was heated. Steam was thereby raised, 
and the expanding steam pressed down a close- 
fitting circular wooden float contained in 
the next vessel. This forced water out of 
that vessel into the third (and higher) one. 
The middle vessel being emptied, the supply 
of steam was then cut off, a vacuum thus 
being formed in the middle vessel after the 
contained steam had condensed therein. 
The middle vessel was refilled from a supply 
pipe (seen at the bottom of the U bend in 
the illustration), after which steam was 
allowed to re-enter the. vessel, and the 
cycle of operations was continued. 

Papin seems to have got this pump to 
work pretty successfully, but throughout 
his life he suffered from the drawback of not 
being a mechanic, and he would undoubtedly 
have made greater practical advances if his 
purely mechanical abilities had been greater. 
Nevertheless, Papin must be acknowledged as 
one of the greatest of the early pioneers in the 
science of the steam-engine. His fertile mind 
evolved many fundamental ideas, and, if other 
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men made a more practical success of them, all 
honour must go to Papin for the creation of 
these basic principles. 

In 1681, Papin was elected a Fellow of the 
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Papin’s STEAM PUMP 


Royal Society, at the instance of Boyle. Shortly 
afterwards, he proceeded to Marburg, in which 
city he held a professorship of mathematics, 
and where he died in the year 1714. 
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THE MODERN DIESEL ENGINE 


By Cartes Day, M.Sc., Wu.Sc., M.I.Mecu.E., M.I.E.E. 


THE patents on which the Diesel engine was 
based were taken out in 1892, and the first 
Diesel engine made in Great Britain was a single- 
cylinder engine of 20b.h.p. made by The 
Mirrlees Watson Company, Ltd., in 1897. This 
engine is still working. It is to be noted that 
this engine was the first cold-starting heavy oil 
engine made in Great Britain. The features of 
the Diesel engine are— 

The spraying of the fuel oil into the cylinder 
at the end of the compression stroke by means 
of compressed 
allies a NATIES 
spontaneous 
ignition without 

_ the assistance of 
any sparking de- 
vice, hot bulb, 
or heated sur- 
face. 

The cycle of 
operations is— 

(a) Admission 
of air to the 
cylinder. 

(6) Compres- 
sion of this air, 
the degree of 
compression being such that the work done in 
compressing heats up the air sufficiently to 
ignite the oil to be sprayed into it. 

(c) At the end of compression, oil is sprayed 
into the cylinder and ignited. Expansion of 
the gases to a low pressure follows. 

(d) The next step is the expulsion of these gases. 

This sequence of operations may be spread 
over four strokes of the piston or may be 
effected in two strokes, each scheme having 
advantages and disadvantages. 

Very similar cycles have been adopted in 
other types of oil engines, with the result that 
to-day there are two broad general classifica- 
tions, viz. cold-starting engines and hot-starting 
engines. 

In cold-starting engines the compression 
pressure is made high enough to ensure ignition 
of the sprayed oil without any preliminary 
heating of any part of the engine. The Diesel 
engine was the first example of this type. The 
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degree of compression adopted must make 
allowance for very cold weather with icy cold 
circulating water. Allowance must also be 
made for the fact that when starting up, the 
first few compression strokes take place slowly 
and that, consequently, there is considerable 
transmission of heat to the cold water jackets. 
Experience has proved that a compression 
pressure of 450 to 480 Ib. meets these conditions. 
Some makers of engines have been misled 
into adopting lower pressures with consequent 
uncertainty of 
ignition under 
adverse starting 
conditions. 
With hot- 
starting engines, 
many different 
devices have 
been used to 
permit of lower 
compression 


pressures; for 
instance, lamp- 
heated bulbs, 
tubes, and 


plates; also 
cartridges, elec- 
trically-heated wires, etc. Many engines of 
this type, as for instance, the ordinary hot- 
bulb engines, retain the hot surface throughout 
their working, whilst some only require the hot 
surface until the engine has warmed up. In the 
latter case, its only object is to permit of lower 
compression pressure by ensuring ignition when 
starting up and until the engine has warmed 
up. 

Still lower compressions are permissible when 
the hot surface is retained during normal 
working. 

The object in minimizing compression pres- 
sures is to reduce the cost of manufacture to 
meet those cases where first cost, rather than 
economy of working, is the deciding factor. 

The spraying of the fuel oil into the cylinder 
has received much attention, and even yet 
numerous new devices and modifications of old 
devices are being introduced in the hope of 
securing the advantages of the established 
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Diesel system of spraying by means of com- 
pressed air, but so far no device has given such 
satisfactory results over widely varying con- 
ditions. 

With compressed air injection, or, as it is 
commonly termed, “ air injection,” fuel oils 
ranging from paraffin to heavy fuel oil can be 
used without any alteration of the sprayer, and 
equally good pulverization is obtained with the 
minute quantities of oil required under no-load 
conditions as with the larger quantities required 
at heavy loads. There is no fear of dribbling 
under any conditions ; also the fuel pumps do 
not have to work against very heavy pressures. 
There is also the important advantage that with 
air injection 
occasional 
grains of 
sand or car- 
bon in the 
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only to Diesel engines, i.e. cold-starting engines 
using air injection. 

The development of the Diesel engine in 
Great Britain and in the various countries of 
Europe, and also in America, has been the 
outstanding engineering feature of the last 
twenty years both for use ashore and afloat. 

Ashore, Diesel engines are now employed for 
every power purpose for which steam-engines 
were formerly installed, whilst afloat they are 
used both for propulsion and for driving 
auxiliaries. 

A typical example of a modern four-stroke 
cycle engine is given in Fig. 1, this being a 
five-cylinder 250 b.h.p. engine made by Mirrlees, 
Bickerton 
& Day, Ltd. 

Fig. 2 
shows a 
two-stroke 


oil do not cycle engine 
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oil at very high pressures through extremely 
small orifices, often only qt%y in. to q4&g in. 
in diameter—hence it is important to filter 
the oil most carefully to avoid choking such 
minute orifices, and as the pressure required to 
effect pulverization is usually not less than 
2,000 lb, and frequently much higher, the 
problem of pump construction and maintenance 
is a more difficult one. 

Objection has been made to the necessity 
for an air compressor with air injection, but, 
except for small engines, compressed air is 
generally used for starting engines, thus 
making an air compressor a necessity in 
most cases whatever system of injection is 
adopted. 

After this brief statement regarding oil 
engines in general, the following notes relate 


Eastern Marine Engineering Co., Ltd., for the 
propulsion of the M.S. “ Stentor,” owned by 
Messrs. Alfred Holt & Co., Ltd., Liverpool. 

The great development which has taken place 
in this type of engine is in “consequence of the 
material advantages resulting from their use. 
These advantages may be briefly enumerated 
thus— 

The use of oil in place of coal carries with it 
advantages even if used under boilers, but to 
burn oil under boilers is generally a wasteful way 
of using oil as compared with using it in Diesel 
engines, for even with many modern steam 
plants, about twice as much oil is used per 
horse-power generated as if the oil were burnt 
in Diesel engines. 

Coal Strikes and the increasing cost of coal 
have not been without their influence on the 
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development of Diesel engines, but the definite 
economy obtained by their use has been the 
main factor. 

The development of large engines has natu- 
rally attracted public attention more than that 
of small engines. Nevertheless, important de- 
velopments of small engines have taken and 
are taking place. 

Many politicians have talked of the benefits 


to be derived from large electric power stations 
giving a cheap supply of power, but have over- 
looked the fact that the Diesel engine develop- 
ment has created the position that power can 
now be more cheaply developed in small local 
stations or in the factories themselves than it 
can be distributed over a wide area from a large 
station, when transmission and conversion losses 
are taken into account. 
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through a wall of metal parallel to its face and, 
as a result, hides information within that region 
of the part, which might otherwise be shown. 
Such an example is shown in Fig. 8, which gives 
a side-sectional-elevation of the bracket shown in 
Fig. 7, the plane cutting the line ab. If a sec- 
tion was taken through two vertical planes ac 
and de, the drawing of the resulting section, 
as shown in Fig. 9, would prove more informa- 


tive. Such procedure is in common practice, 
and is often referred to as “ draughtsman’s 
license.” i 


Shading of Sections. It is a common practice 
to distinguish the sectional part of a view by 
drawing a number of parallel lines within the 
outline of the section at an angle of 30°, 45°, or 
60° to the horizontal. This method is shown 
in Fig. 8. An extension of this method of 
shading sections is to adopt certain arrangement 
of shade lines corresponding to particular metals. 
Most working drawings consist of a photographic 
print taken from an ink tracing of the drawing, 
and have the sections coloured with a colour 
which is recognized as representing the material 
from which the part is to be made. Moreover, 


shading a view with parallel lines occupies time 
which might. be employed in making drawings 
of other and varied examples of machine-parts. 
Consequently, we suggest that for sections of 
single machine-parts, such as the above brass 
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valve, the shading should consist of a light 
pencilling of the view. This shading can be 
quickly produced with the flat side of the hard 


_chisel pointed drawing pencil. 


As an exercise we recommend the student to 
make a drawing of the slide valve, shown in 
Fig. 4, giving 

(a) Side-elevation. 

(b) Plan. 

(c) Complete sectional end-elevation. 
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LESSON V 
SECTIONS 


WE have so far considered only those examples 
of machine-parts having solid sections. Such 
cases are the exception, and are almost invari- 
ably found to be made of wrought iron or steel. 
The more general kind of machine-part takes 


FIG. I 


the form of a casting in which the majority of 
the sections are not solid. In such cases the 
orthodox number of views fail to provide com- 
plete information regarding the sections, and 
would often quite erroneously suggest solid 


FIG. 2 


sections. Such a case is provided in the exam- 
ple shown in Fig. x, which gives a perspective 
view of a brass valve for a non-return valve 
chest. If in making a drawing of this valve 
we give views taken from the usual three view- 
points, as in Fig. 2, we fail to give a complete 
idea of its form. To obtain the complete idea 


we must obtain a view of a half-valve. Taking 
a vertical cut through the valve at its centre 
we obtain a plane as shown in Fig. 3. Such 
planes of solids are called sections. This view 


7 


AZZ 


FIG. 3 


alone, when dimensioned, provides us with 
sufficient information to proceed with the manu- 
facture of the valve. 

Another example is provided in Fig. 4, which 


shows a cast-iron slide valve for a steam recipro- 
cating engine. It will be observed that the 
three views, side-elevation, plan, and end- 
elevation would, apart from the spindle hole 
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shown in the end-elevation, suggest a solid mass. 
Removing one-quarter of the valve, as shown 
in Fig. 5, leaving a half section along the plan 
centre line, and a half section along the end- 
elevation centre line, we learn that a cavity exists 
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in the lower face. We now have a more com- 


plete idea of the form taken by both the inside 
and outside of the valve, and can proceed with 
the drawing, taking the recognized choice of view- 
Commencing with the side-elevation, we 


points. 


HALF 


HALF SECTIONAL HALF 
SIDE ELEVATION SIDE ELEVATION Eno ELEVATION 


HALF SECTIONAL 
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line cd, a line drawn parallel to the base line 
ab, showing the flange edge, will complete this 
half side-elevation. 

Proceeding to the plan view it will be noticed 
that a true pjan view of the part as shown in 
Fig. 5 would provide a plan of 
an incomplete valve without 
giving the compensating advan- 
tage of a sectional view. More- 
over such a view would entail 
almost the same amount of 
labour as a complete plan, and 
so we give a plan view of the 
whole valve as shown in Fig. 6. 

Moving to the end-elevation we 


Enp ELEVATION project from the side-elevation, 


PLAN 
Fic. 6 


first draw a base line ab, and upon this line erect 
a perpendicular cd. Now it is evident, from 
Fig. 5, that the valve is symmetrical about a 
vertical plane at the mid-length and normal to 
the length. This plane of the solid can be 
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represented in the side-elevation by the line cd, 
and we can proceed to draw an outline of the 
valve on each side of this line. We next draw 
the inside edge of the valve to the left of the 
line cd, this half of the view being a half-sec- 
tional side-elevation. Moving to the right of the 


and plan an outline of the out- 
side edge of the valve together with the centre 
line gh. It will be seen, from a reference to 
Fig. 5, that the line gh represents the plane 
forming the section, shown in the side-elevation, 
and that the valve is symmetrical, in this 
view, about the line. Also the end-elevation 
viewpoint of Fig. 5 will provide a half out- 
side view to the left of the line gh, and an inside 
(or sectional) view to the right of the same line. 
Proceeding with the drawing of the end-eleva- 
tion we find that whilst the horizontal lines of 
both the outside and sectional parts of the 
view can be projected from the side-elevation, 
the vertical lines of the half-section cannot be 
projected from the plan, and must be drawn 
independently from the dimensions provided in 
Fig. 5. 
We have, in the above drawing, named the 
various views, but it will be understood that 
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this is done for the benefit of the student at the 
present stage, and does not indicate a practice 
to be followed in making working drawings. As 
will be referred to at a later stage, the planes at 
which the sections are taken are only mentioned 
in the less stereotyped cases. 

Sections of Ribs, etc. It sometimes happens 
that the sectional view of a machine-part cuts 

(Continued on page 251) 
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TRAINING OF MECHANICAL ENGINEERS 


By A. P. M. FLEMING, CBE, M.S0, M.I.EE. 
Manager of the Research and Education Departments, Metropolitan Vickers, Co., Ltd. 


LESSON I 
INTRODUCTION 


BEFORE the invention of the steam-engine, 
engineering was confined largely to that branch 
of the art known as “ civil,” which includes 
such work as the design and construction of 
harbours, waterways, water supply, railways, 
roads, bridges, irrigation, and drainage, etc. 
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manufacture and operation of all kinds of steam 
and hydraulic plant, mechanical appliances, and 
tools. Widespread engineering applications 
have, however, caused innumerable subdivisions 
of the work of the mechanical engineer, and have 
resulted in specialization of function in design, 
construction, manufacture, and operation. 
Manufacturing work involves the calculation 
of the strength of parts, and the design suitable 


Fic. 1, DIAGRAM ILLUSTRATING METHODS OF ENTERING THE ENGINEERING 
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The invention of the steam-engine, however, 
altered the whole trend of engineering, vastly 
increased the material wealth of the country, 
and entirely altered the conditions of living. 
In the field of engineering it created that branch 
known as “ mechanical,” in which the applica- 
tion of the steam-engine was at first confined 
to the pumping of water from the mines, to 
land and sea transport, and to the driving of 
machinery in textile mills. Later came the 
internal combustion engine, whereby transport 
facilities were greatly increased, and mechanical 
flight made practicable. 

Mechanical engineering mainly comprises the 


for withstanding whatever stresses are set up in 
them during operation, the detailed drawings of 
all parts, specification of materials of construc- 
tion, and methods of manufacture, the making 
of the patterns, the moulding and casting of the 
metal parts, their machining, fitting, and erec- 
tion, the testing of the finished parts and, lastly, 
its installation. Manufacturing requires broad 
engineering knowledge, skill, and experience in 
organization. 

Design work involves complete knowledge of 
the materials employed, the best methods of 
manufacture, and a thorough understanding of 
all the scientific principles involved. 
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The different classes of mechanical apparatus In addition, mechanical engineering involves 
are— the installation and operation of all such plant, 
Prime movers, including steam-engines and including steam piping and accessories, both 
steam turbines for land or marine work, loco- ashore and afloat. 
motive, gas, and oil engines, petrol motors, In many respects mechanical and electrical 
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condensers, boilers, and steam-raising plant engineering have very much in common, and 
generally. are both on the same general footing, especially 

Hydraulic plant, including pumps, rams, as regards manufacture, and the training for 
accumulators, presses, forging, and riveting, the one in many respects overlaps the training 
motor lifts, and appliances for special purposes. for the other. 

Pneumatic apparatus, including compressors, In mining work and naval architecture, 
blowers, motors, machine tools, and all kinds of which, to a certain extent, constitute separate 
wood and metal working machinery. engineering branches} both mechanical and 
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electrical applications are to be found. In 
mining, electrical power is used for coal cutting, 
hauling, winding, ventilating, lighting, and 
signalling, and mechanical appliances are used 
for winding, pumping, and ventilating. 

In naval architecture there are extensive 
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term.“ engineer ” is frequently applied to work- 
men trained in certain of the skilled engineering 
trades, whereas, strictly speaking, its use should 
be limited to those engaged in what might be 
designated “ professional ” engineering, wherein 
general education, technical knowledge and 
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Diaphragms & Air Coolers. L516 
Gloding_ Bench Fitting 
Turbine Wheels 2n {6 -47 
eS Glan. mK = 
yD 
S 
JS 
SIN Fibling & Assembling Bench Fitting on 
N x fur Extraction & Turhne Geor Details 17-18 
xe Grculating Pumps. Hydraulic Test Bed 
ha 
Sy 
X 
Erecting Lighting 
Sete Assembling 18-19 
Turbine Rotors . 
ConderserErectio 19-20 
Condenser Test 20-20% 


Drawing Of pee Inspection 


Quiside Erechon, Praduction. 
or. Oi Promoron: = 


Fic. 3. CHART SHOWING SEQUENCE OF TRAINING FOR MECHANICAL FITTERS 


applications of the steam-engine and turbine, 
pneumatic and hydraulic apparatus ; and elec- 
tric generators, motors, and lighting plant are 
used. Similarly, civil engineering is dependent 
on both mechanical and electrical engineering. 
Kinds of Engineering Employment. The 


practical experience of a very high order are 
demanded. 

Broadly, the various kinds of engine2ring 
employment may be divided into— 

I. Those relating almost entirely to manual 
or “ trade.” work. 
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2. Those relating almost entirely to mental or 
“ professional ” work, 

3. Those relating to operating work which 
involves both mental and manual work. 

A description of the training required for 
mechanical engineering would not be complete 
without reference to the training required for 
skilled artisans in engineering employment. 

Apprentices for the Engineering Trades. Boys 


which require a very rigid procedure of educa- 
tion and training to be followed, it is possible 
in engineering for youths of ability, but who do 
not possess the necessary means to follow an 
extended conventional course of general and 
technical education, to arrive ultimately at the 
same position as those whose circumstances are 
more fortunate. For this reason it is very 
important that every boy who enters engineering 


Fic. 4. APPRENTICES RECEIVING INSTRUCTION IN LATHE OPERATION 


are accepted for training as “ trade ” apprentices 
between the ages of 14 and 16 years. These 
boys are recruited from Primary, Central, 
Junior Technical, and Secondary Schools. The 
appended diagram shows the various avenues 
of approach open to the youth who wishes to 
enter an engineering works as a trade appren- 
tice, but it is advised that wherever possible 
youths should enter a works from a junior 
technical school, or if one is not available 
in the area in which a boy resides, from a 
central school. Fig. r shows the methods of 
entering the engineering industry for artisan 
training. 

Unlike the professions of medicine, law, ete., 


employment should endeavour to start his 
apprenticeship in a works which is sufficiently 
large for him to obtain a variety of experience, 
and in which there are ample training and 
promotion opportunities. The local education 
authorities and juvenile employment bureaux 
will give information of the engineering employ- 
ment in the district, and these bodies should be 
consulted. Usually all boys seeking to appren- 
tice themselves to the engineering trades will 
be required to give evidence of good general 
education and physical fitness, and will, after a 
probationary period, be required to sign an 
agreement undertaking to serve at the trade 
until the age of 21. The chief trades to which 
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boys can be apprenticed are fitting, turning, 
moulding, pattern-making and instrument 
making. 

Fig. 2 shows a chart giving the sequence of 
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only responsible for teaching the apprentice the 
practical side of his trade, but also for imparting 
the scientific knowledge which underlies the 
trade. Fig. 4 shows an apprentice instructor 


training for apprentice moulders, and Fig. 3 for 
mechanical fitters in a large engineering works. 
In order to ensure that the needs of apprentices 
with regard to practical training are adequately 
met, it is now the custom in most large works to 
employ apprentice instructors. These men are 
skilled craftsmen, who combine with their trade 
capacity, teaching ability, Such men are not 


Fic. 5. APPRENTICE INSTRUCTOR EXPLAINING A TURBINE DRAWING BY THE MACHINE 


demonstrating the features of a lathe, and 
Fig. 5 shows an instructor explaining a drawing 
of a turbine in comparison with an actual 
machine. Thus, in the most up-to-date fac- 
tories, works’ schools are established where, 
during working hours, apprentices receive general 
education and instruction in the basic scientific 
principles of their trade. 
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Lecturer in Mathematics, Battersea Polytechnic 


LESSON VI 
POWERS AND ROOTS—(contd.) 


“Changing the Subject.” We have already 
seen how to “ change the subject ” of a formula, 
and that the new formula may contain roots. 
If the formula we begin with contains a root, 
we must first get rid of it, when the new subject 
appears under the root sign. To do this, we 
must reverse the step which introduces a-root, 
i.e. raise to the corresponding power. It is, of 
course, necessary that everything on both sides 
should be raised to this power. A few examples 
will make this clear— j 


I. v = V2gh 
Squaring both sides, v? = 2għh 


v? v 
Witence mn —— manag) i 


28 2h 
21d =}; N 83 H 
N 
83H 
Cubing both sides, d? = = 
Cross-multiplying, Nd = 83 H 
whence N = 83H- pi Nd? 
d? 83 
S CNV 


Here, to find C we have no need to square ; 


v 
we have at once O == ——— 
ymi 
To find m or 1, we must square both sides, 
giving 


v= Cmi 
v 5 v2 
whence m = 4 $= 
C% Cem 


W 
L= 278? | 
d one J 


Here, although y occurs outside the root, to 
find y will involve. another root, and the final 


formula will be simpler if we clear of root signs 


first. So, squaring, 
L2 Ee 8 4 w 
= 7728r F 
[7:728 is 2:782, and 74 is (r?) >] 
Cross-multiplying, EL? = 7728r W, 
"728r W 72.8974 
whence E = 7 ee ; = ae 5 
EL? _ 4 [7-728W 
and 7 = TEW so that 7 = a TIZ 


EXERCISE No. 9 
1. The diameter d inches of a rivet used for a plate 


of thickness ¢ inches is given by d = 1:2 a/t. Find the 
thickness of plate for diameters 0:75, 1, and 1:25 in. 
2. The time of swing of a pendulum is given by 


t = -2m Wee t being in seconds, / the length in feet, and 


& 
g = 32:2. Find/ whent = 2 secs., and when t = $ SC, 
(3) The discharge Q cu. ft./sec. through a pipe 
diameter d ft. and length / ft., if the inlet is h ft. above 


the outlet is Q = 42 ee Find d if l = 1760, Q = 3, 
L 
h=150; and h itO =15:5, 4 = 2,1 = 2200. 


NEGATIVE QUANTITIES— 
MULTIPLICATION AND DIVISION 


In Lesson IV we learned the meaning of 
negative quantities, and the rules for addition 
and subtraction of them. The use of sign to 
denote direction is very convenient and, since 
we have upon occasion to multiply and divide 
these directed quantities, we must discover what 


FIG. 5 


is to be done about the sign of the product or 
quotient. As an instance, we will consider 
forces acting at various points of a rod A B free 
to turn about a fulcrum at C (see Fig. 5). They 
will tend to turn the rod one way round or the 
other according as the forces act upwards or 
downwards, and as they act at points on the 
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right or left of C. Taking downward forces as 
positive (+), upward forces will be negative (-) ; 
taking distances to the right as positive (+), 
distances to the left will be negative (-). A 
downward force acting on the right of C will 
tend to turn the rod in a clockwise direction ; 
so the clockwise direction of turning will be 
positive (+), and consequently anti-clockwise 
will be negative (-). To find the turning 
moment of a force, we multiply the force by the 
distance from the fulcrum. Now consider the 
cases— 

I. A downward force of 2 lb. (+ 2) acting at 
D, 4in. to the right of C (+ 4) will produce a 
moment of 8 lb.-in. in a clockwise direction, i.e. 

(2) x (+ 4) = (+ 8). 

2. An upward force of 51b. (—5) acting at 
E, 3in. to the right of C (+ 3) will produce a 
moment of 15 lb.-in. anti-clockwise, i.e. 

(5) 4-3) = © 25). 

3. A downward force of 5 lb. (+ 5) acting at 
F, 2in. to the left of C (—2), will produce a 
moment of ro lb.-in. anti-clockwise, i.e. 

(+ 5) x © 2) = (To). 

4. An upward force of 3 lb. (—3), acting at 
G, 4in. to the left of C (—4) will produce a 
moment of 12 lb.-in. clockwise, i.e. 

(-3) x (4) = (+ 12). 

Examining these cases, and more of the same 
type, we see that the rule of signs for multiplica- 
tion will be— 

Factors with like signs, product plus. 

Factors with unlike signs, product minus. 

As another instance, consider the Scotch 
express travelling north at an average speed of 
50 m.p.h., and passing York at 12 noon. Where 
isitat2p.m.? roo miles N. of York. Distance 
= speed Xx time. Taking N as + (and then 
S will be -), and time after noon as + (and then 
time before noon will be —), we can represent 
this by 

(+ 50) x (+2) = (+ 100) 
Where was it at 10 a.m. ? Here time is 2 hours 
before noon (- 2), and the answer is 100 miles 
South of York (— 100), i.e. 

(+ 50) x (-2) = (- 100). 
If a goods train travelling South at an average 
speed of 30m.p.h. also passed York at noon, 
where would it be at 2 p.m., and also at 10 a.m. ? 
Its speed is (- 30) and at 2 p.m., it will be 60 
miles South of York (- 60), i.e. 


(30) x (+2) = (60). 
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At I0 a.m., when time = (- 2) it will be 60 miles 
North of York (+ 60), ie. 

(— 30) x (2) = (+ 60). 
We see exactly the same rules for the signs. 

In consequence of the rule of signs we have 
just found, it will be seen that the square of a 
negative quantity must always be plus; that 
the cube will be minus ; fourth power plus ; and 
so on. Also that a negative quantity has no 
real square root. 


EXERCISE. s= ut + łat?. Find s when u = 80, 
t = 4, and a = — 32; when u = -— 80, t = 2, and a 
= -—32; when u = -—5, t =-2, and a=-—8. (Ans. 


+ 64, — 224, and — 6. 


FRACTIONAL INDICES 


In some engineering formulae fractional 
indices occur which are not easily expressible 
as roots (see Lesson V). We are going to show 
how to evaluate such formulae by the use of 
logarithms. The rule, already given and used. 
that the logarithm is to be multiplied by the 
index, is still true, but the presence of negative 
indices, and of negative logarithms, introduces 
complications. The use of the rules for the 
multiplication of negative quantities will, how- 
ever, resolve these. 


Example (1). Ane 


Here we must multiply = .6201 (log. 417) 
the log. of 4:17 by I-I4. 1-14 (index) 
We keep five places in the 
multiplication, so as to be font 
sure that the last figure is 2480 
correct ; more are useless. 

Looking up the antilog. *7060° (adding) 


of -7069, we find the 
answer— 


PAS ila Be = 5-092 
EXAMPLE (2). 15:35 
Here the log. is posi- 
tive, but the index is 


negative. The, product 111847 (log. 15°3) 
is, therefore, negative, ~ “°5 

— 1:0070. In this form -94776 

it is not convenient, as 5923 

antilog. tables cannot be 

used at once; to use mO (adding) 
these we must have the E O 


decimal part of the loga- 
rithm positive. Now 
—-I:0070 =- 2 + *9930 
= 2:9930. Looking up 
the antilog. of this, we find the answer— 
75:3 0i — 000840; 
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EXAMPLE (3). 0:213°°66 
Here the log. is partly 


negative (1) and partly 
positive (-3284). Making 
it all negative (-1 + 
+3284 = — -6716) we 
multiply, and then, of 


1°3824 (log. 0-213) 


= -'6716 (converting) 
‘66 (index) 


course, the answer is 
negative. Converting "40296 
this as im the last 4030 


example into the form 
necessary for using the 
antilog. tables (—-4433 
= — I +;5507 = 1:5507) 
and looking up the anti- 
log., we obtain the answer 


0:2130:66 = 0:3603 


—4433 (adding) 


1:5567 (converting) 


EXAMPLE (4). 01061514 
Here the log. is nega- 
tive, and so is converted 


2-7889 (log. 0:0615) 


= -1'21 11 (converting) 


$ z -rAr (index) 
into the all negative 

form. The index is also noain 
negative, so the product degan 

is positive. We can thus ie 

look up this antilog. at 1:7077 


once, and find 
0:0615 14" = 51-02, 


EXERCISE No. 10 


1. Evaluate— 


(a) z163 (2) o7; 

(b) 33-1025 (J) 0-0018-%075 ; 
(c) 20:67055 ; (e) PA ; 
(d) TI -2137 (A) 0-00015% 016- 


2. The pressure, p lb./sq. in., and the volume, 
v cub. ft., of the gas in an engine cylinder are connected 
by the relation pvt* = constant. If p = 180 when 
v = 2, find the constant, and the values of p when 
v = 3, 5, 7, and Io. 

3. The ideal thermal efficiency of a gas engine, N, 
is given in terms of the compression ratio, r, by 

I 0-4 
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Find 7 when r has the values 4:5, 5, and 5:5. 


SIMPLE FACTORS 


A girder section is shown in Fig. 6. All the 
plates are #in. thick, and the angles are 4 in. 
xX 4in., and #in. thick. The girder is 25 ft. 
long, and steel weighs 480 lb./cub. ft. Find the 
total weight of the girder. 

Of course, we could find the weight of each 
plate and add. But since we have to multiply 
the number of cub. ft. of each by 480 to get the 
weight, it will be simpler to get the volumes and 
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add before multiplying. Again, each piece is 
25 ft. long, and so it will be quicker to add the 
areas of the sections before multiplying by 25 ft. 
Again, each piece is #in. thick, so it will be 
quicker to add their widths before multiplying 


by 3. So we will work thus— 
4 pieces 12 in. wide 48 in. (flanges) 
I piece 27 in. wide 27in. (web) 
4 pieces 4 + 3łin. wide 29in. (angles) 


ro4in. (sum of widths) 
: 104 X 3 

Area = T04 X sgim, = == Sq tt 

4 sq a A q 
voL epee cub. ft. 

4 X 144 
Weight POPE SS 2H ASS = 6500 lb. 
4 X 144 = 


The general idea is that if we have to multiply 
several numbers by the same number, and then 
add or subtract, it is shorter 
to add or subtract first, and 12 
multiply after. Of course, it 
is the same thing, as we should 
say to ourselves: three fours 
and eight fours are eleven f 
fours. (In symbols, 3 X 4 30 


+8xX4=(3+ 8)x4=11 | 


A 


X 4 = 44.) Six sevens minus 
six twos equal six fives. (In 
symbols, 6 x 7-6 X 2 = 6 
x (7- 2) = 6 X 5 = 30.) 
Here the brackets enclose what 
we are to dofirst. Using letters to denote any 
numbers, we may write— 


ab + ac = a(b + c) 


ab—ac = a(b — c) 


FIG. 6 


(A) 
(B) 


(A) says that if we are to multiply b and c 
each by a and add it is simpler to add b and c 
first (do what is inside the brackets first), and 
then multiply by a. (B) has a similar meaning. 
The same dodge (or rule) may be used for more 
than two terms, and for more complicated ones, 
thus— i 

pu + py + pz = pls TYT 2) 
adt + bt = H(b + d) 
mR? -nrl = ml(R?- 7?) 

Wl Wx W 

Phe een YH 


This is called finding the factors of an expres- 
sion, Besides the saving of labour which must 
be evident, there is another important reason 
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why we want to express anything we have to 
deal with as a product of factors. It is that 
logarithms are no use at all in addition, but 
they help us to multiply or divide quite a lot. 
So the more multiplications and the fewer and 
easier the additions, the better. 

Find the factors of— 
3p + 39; abc + abd ; nRl--nrl;, nh + wh’ ; 
Coua ; 
2g  2gm' 

The answers are— 


3(b +9); able +4); mi(R-r); mhl + hè); 


a(i) 


We have just been putting in brackets. 
There will arise cases, particularly when one of 
the quantities inside is the quantity we are 
trying to find, when we shall need to be able to 
remove brackets. This is quite simple. - We have 
only to reverse the steps of the above. That 
is, to multiply every quantity inside by whatever 
is outside. If, however, two or more expressions 
containing brackets are to be added or sub- 
tracted, we shall have to find out the rule for 
the signs of the various terms. To discover the 
rules, consider a few easy numerical examples— 


(a) 5+ (4+3) 

This is really 5 + 7, or 
54 a Ss 

6) 5+(4-3)  (really5 + 1 = 6). 

If we start 5+ 4. .., we have added three 
too many. Taking the 3 away, we find 
5 + 4-3 = 6 (correct). 

() 12-(2+3) (really 12-5 =7). 
The 2 has evidently to be subtracted, so we 
start 12-2 .... Now shall we goon? We 
are told to take away “ 3 more than 2,” so we 
have still to take away the “ 3 more.” Thus— 

12-(2 + 3) =12-2-3=7 (correct). 

(a) 12-(7-4) (really 12-3 = 9). 

We are to take from 12 “ 4 less than 7.” Start- 
ing with 12-7, we have taken away 4 too 
many, so, adding these, we have 


12- (7-4) = 12-7 + 4 = 9 (correct) 


FEFA 


ENGINEERING EDUCATOR 


To sum up: In (a) and (b), with a plus sign 
before the bracket, leave the signs unchanged. In 
(c) and (d), with a minus sign before the bracket, 
change the signs. 
Convince yourself of the truth of these rules 
by studying— 
§+3) +649 ON ORE 
GI- y eere 
(12—6) + (4-1) =12-6+ 4-1. 
(9 = 2) (0— 3) 0 N 

and by making up others like them. 

With numbers in front, and sometimes 
letters within, we have such as— 


3(y +4) +239 + 7) =3y+ 12 + 6y + 14 
= 9y + 26. 


upon collecting all the y’s and all the numbers. 
5(2x — 7) — 3(% ~8) = 10% — 35-34 4.24 


=p es 
12(3y + 7) - 2(5y + 3) = 36y + 84- 10y - 6 
= 20) 5 Jo. 


Simplify by removing brackets and collecting 
terms— 


s(x +3) + a(x + 5) + 3(% + 2); 
15(%— 5) —3(2x—3) ; 3(4-b) + 4(@+ 4); 
8(% + 2)-—2(x + 4); 
4(a— 3b + c)—3(a@ + b- 3c) -2(¢ + b- 3a). 
The answers are— 
rox + 31; 9%-66; 7a+ 05 6% -+ 8; 7a-17b 
+ IIc. 


ANSWERS TO EXERCISES Nos. 7 & 8 
(7) 


I. (a) 0:0003816, (b) O-orro0o, (c) 66-21, (d) 1°711, 
(e) 0-2384, (f) 873:0, (g) 20°85, (h) 0:0004751, (Rk) 311-9, 
(J) 0-01064. 

. 388 lb. (approx.). 
. 1°561 lb. 

4'92. 

. 4764. 


UnA N 


(8) 
. (a) 7:978 in., (b) 0-437 in. 
. (a) 5:455 in., (b) 077816 ft. 
. 2'916 ft. 
. (a) 40°28 cub. ft./sec., (b) 184,600 gals./hr. 
. 6019. 
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LESSON VI 
SHAFTS— (contd. ) 


DERIVATION of the expression— 
OEY 


Let us take a piece of shaft, / in length and, 
whilst it is free from stress, mark on its surface 
a line aa, parallel to the axis. Now fix one 
end of the shaft and apply a couple to the other 
end. The straight line a,a, will become twisted 
into a helix a,b, showing that the shear strain 
¢ has taken place. On looking at the free end 
of the shaft we shall see that the point a, has 
been twisted around to b and the shaft has 
suffered a total twist of 0 radians. 


shear stress 


Now, we know that N = E ea 


fi 
_$=H : a Aea 
where ¢ = shear strain 
f = shear stress 
N = modulus of shear elasticity or 
ridigity 
Also from Fig. 24 we see that 1 d= r0 
r0 
and substituting (2) in (1) we get 
Ms Boe 
jae tN 
N0 
one ae 
L 4 
; ieee 
But equation (6) in Lesson V gave PGs 
NO T 
` we may write -y = a T° 5 (e) 


Two examples are now given to show the 
application of our theory. 

EXAMPLE. A hollow shaft whose outside 
and inside diameters are 12 in. and 5 in. respec- 
tively runs at 220 r.p.m. If the shear stress in 


the shaft is not to exceed 12,000 lb. per sq. in., 
calculate the maximum h.p. that may be 
transmitted. 

We shall first find the T.M. from the equation 


J.f 
mesra 


DETA 
or a ) 


16 D 
20,736 — 625 
12 


mT 
T= 16 X 12,000 ( 


m X 750 X 20,1II 


I2 


T = 


Ib.-in. . (3) 


Fic, 24 


Aiso we know that 
T X 2mm 
I2 X 33,000 i 3 ; (2) 
and substituting (I) in (2) we have 
m X 750 X 201II X 2m X 220 


bip = 


Bh = I2 X I2 X 33,000 
h.p. = 13,780. 
EXAMPLE. The main line shafting of a work- 


shop is 45 ft. in length and transmits 35 h.p. at 
180r.p.m. If the shaft is not to twist more 
than 15° on the whole length, find the necessary 
diameter and the shear stress to which the 
shaft is subjected. Take the modulus of 
rigidity = 12 < 108 lb. per sq. in. 
shear stress ff, x 1 
shear strain 70 
l 
= - : F ee) 

F shear stress 

l length of shaft 
N modulus of rigidity 
0 = angle of twist 


IN = 


| lll 


264 
a X 270 b 
Also 12 X 33,000 ~ p: 
-T IZ X 33,000 X 35 
: a 2m X 180 


o X 35 inb (2) 


7 
and T = 6 TË 
TOP L 
f=: 0 


and substituting (2) in (3) we get 


I6 X IIOO X 35 
E ee 


We can now substitute (4) in (1). 
d TO X 1100 XS EAT 
De nd? X m X 12,000,000 X I5 


1 radian = 57°3°. 


ey 
NOTE. 


AD Ae ea aya eo 
OF d = i= x 385% 573 2°152 in. dia. 
m X m X 10,000 


To determine the shear stress, we can use 


Nxrx0 
Js = l 

I2,000,000 X 2'152 X I5 
s T2 KA 2A 5 725 


Ja = 6259 lb. per sq. in. 


CLOSE COILED HELICAL SPRING 


The wire of which a helical spring is made 
is subject to twisting and to bending. Provided, 


W pe 


FIG. 25 


however, that the angle of the helix is small, 
say, less than 20°, we find that there is no great 


ENGINEERING EDUCATOR 


error involved in neglecting the bending effects 
and treating the spring exactly as we have the 
shaft in this and the previous lesson. We 
must rem. ber that a helical spring is only a 
shaft that has been coiled around a cylinder. 

Using our shear-stress and strain formula we 
know that 


shear stress ff, Xi 
~ shear strain” 70 


Ei 
Wee So 


The total compression or extension of the 
spring = RO, 0 being measured in radians. 
This we may better realize if we uncoil our 
spring and so make it into a long shaft. The 
torque to which the spring is subjected is WR, 


W 


a 


Fic. 26 


and this will produce an angular distortion 0 
radians. Fig. 26 is an end view of our straight 
long shaft, and now we can see that a total 
angular distortion 0 gives a deflection (extension 
or compression in the spring) of A = R9. 


fd 


Hence A = R0 = R X Ñy : ~~ (2) 
T I6WR 
Also T = ght e ame = 18) 
substituting (3) in (2) we can write 
R x 16W Rl 
DS EN 


l = total length of wire in the spring = 2r R X n 
n = number of free coils 


64W Rèn 
Ae ava 


Notre. At each end of a helical spring there is 
about one coil which, being supported entirely by the 
object against which the spring abuts, is incapable of 
taking up any strain. The free coils may be assumed 
to commence at the point where contact between the 
supporting object and the coil ceases. 
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By ENGINEER LizuT.-COMMANDER T. ALLEN, R.N. (Ss.R.) 


LESSON IV 


COMPOUNDING OF 
CYLINDERS 


(See also page 170.) 


Limitations of Ordinary Single-cylinder Engines. 
The proportion of useful work obtainable from 
a given weight of steam increases with the ratio 
of expansion. With a fixed terminal pressure, 
increased expansion involves higher initial 
steam pressures, and for such increased pressures 
and expansion ratios the ordinary single-cylinder 
condensing engine has certain disadvantages, 
namely— 

I. Increase of initial condensation with 
increase of temperature range due to greater 
expansion. 

2. Increased weight and cost of the engine, 
due to— 

(a) Larger cylinder required to accommodate 
the steam and generate the power at the low 
M.E.P.—telative to the initial pressure. 

(b) Increased size of the working parts necessi- 
tated by the greater piston loads. 

(c) The heavy fly-wheel required to meet the 
large variation of the turning moment on the 
crank. 

Owing to these factors, the application of 
ordinary single-cylinder engines, is now con- 
fined chiefly to cases in which only moderate 
power is required, or in which the number of 
expansions is low on account of low boiler 
pressure or high back pressure. Single-cylinder 
engines are also, of course, employed in cases 
where steam consumption is of minor impor- 
tance, e.g. auxiliary sets working intermittently. 

A special type of single-cylinder engine—the 
“ Unaflow ” engine—will be described more fully 
in a later article. This remarkable engine is 
gradually superseding the older types owing to 
the high thermal efficiency given by its special 
cylinder construction, which enables the advan- 
tages of the multi-cylinder engine to be retained 
in a single cylinder, with simplification of design, 
reduced cost, and space requirements. 

An improvement upon the performance of 
ordinary single-cylinder engines may, however, 
be effected if the expansion is carried out 
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successively in a number of cylinders. In this 
manner, initial condensation is reduced owing 
to the smaller pressure and temperature range in 
the cylinders, and the re-evaporation of moisture 
prior to entry of the steam into successive 
cylinders. 

Arrangement. Compounding leads to various 
recognized engine types and arrangements, 
which depend upon the number of stages into 
which the expansion is divided, and the manner 
in which the cylinders are arranged. The 
principal types are as follows (see Fig. 4)— 

Compound Engines in which the expansion is 
performed in 2 or occasionally 3 cylinders (H.P. 
and L.P. cylinders). 

Triple-Expansion Engines in which the 
expansion is performed in 3 or 4 cylinders (H.P., 
LP., and L.P. cylinders). 

Quadruple-Expansion Engines in which the 
expansion is performed in 4 cylinders (H.P., 
ist and 2nd, I.P., and L.P.). 

In large compound and _triple-expansion 
engines a single L.P. cylinder may become 
inconveniently large, and in such cases two 
L.P. cylinders, each of half the requisite 
volume, are employed. 

The disposition of the cylinders is, in practice, 
subject to considerable variation; depending 
largely upon the space available and other local 
conditions. The principal standard arrange- 
ments of horizontal engines are as follows— 

Single-Expansion Engines— 

(a) Single-cylinder arrangement, with one 
crank and reciprocating motion. 

(b) Twin-cylinder arrangement, with two 
single-expansion cylinders arranged side by 
side, two cranks, and reciprocating motions. 

Compound-Expansion Engines (2 cylinders)— 

(a) Tandem arrangement with a single crank, 
reciprocating motion, and cylinders arranged in 
line one behind the other. 

(b) Side by side or cross-compound arrange- 
ment, with 2 cranks and reciprocating motions, 
and cylinders arranged side by side. 

(c) Twin-tandem arrangement. Two tandem 
engines as at (a) arranged side by side, with a 
common crank shaft, i.e. 4 cylinders, 2 cranks, 
and reciprocating motions, 
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Triple-Expansion Engines— 

(a) Three-cylinder engines, with two cranks, 
and reciprocating motions, and H.P. and L.P. 
cylinders arranged in tandem fashion side by 
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Fic. 4. ARRANGEMENT OF CYLINDERS FOR 
HORIZONTAL ENGINES 


. . Single Cylinder . H.P.—C 
Simple Expansion § pag Cylinder . HP CED 
Cross Compound Cylinders . H. P.—C 
L.P.—D 
Compound Expansion Tandem 2) pice 
ee Tandem ,, H.P."s—A &B 
L.P.’s—C & D 
É E 3 Cylinders - H.P.—A 
4 3 I.P.—C 
' L.P.—D 
Triple Expansion 
4 Cylinders H.P.—A 
I.P.—B 
L.P’s—C & D 


side, with L.P. cylinder. (Occasionally 1 crank 
and 3 cylinders all in line tandem fashion.) 

(b) Four-cylinder engines, with two cranks 
and reciprocating motions. (H.P. and L.P. ; 
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I.P. and L.P. arranged tandem fashion, in 
pairs, side by side). 


Quadruple-Expansion Engines— 

Four-cylinder engines, with two cranks and 
reciprocating motions. (H.P. and L.P., rst and 
2nd I.P. arranged in tandem fashion, in pairs, 
side by side). 

Where floor space is restricted, vertical 
engines may be preferred, and they have the 
advantages of a slightly higher mechanical 
efficiency and lower oil consumption, but the 
disadvantages of higher cost, inferior accessi- 
bility, and increased head room required. 
Vertical engines may be of the single-, com- 
pound-, triple-, or quadruple-expansion types, 
and they may be arranged in tandem or cross- 
compound fashion. Large vertical compound 
engines have been built with 3 cranks and 3 
cylinders (H.P. and 2 L.P.), and with 3 cranks 
and 6 cylinders (3 vertical tandem pairs H.P. 
and L.P.). Vertical triple-expansion engines 
may have 3 cranks and 3 cylinders side by side, 
two cranks and 3 cylinders (two in vertical 
tandem fashion) or they may have 4 cylinders 
(2 L.P.) arranged in tandem pairs with 2 
cranks, or side by side with 4 cranks. Many 
other arrangements are possible, and compound 
engines with vertical H.P. cylinders and hori- 
zontal L.P. cylinders transmitting power to the 
same crank have been built. In suitable cases, 
single-cylinder engines may be converted to 
compound, tandem-compound to twin-tandem, 
or compound to triple-expansion engines, by 
the application of additional cylinders and gear. 

Fig. 4 shows, in diagrammatic form, the dis- 
position of cylinders in the principal standard 
arrangements of the horizontal engine, and 
Fig. 4a reproduces photographs of compound 
engines with direct and rope drive respectively. 

The quadruple-expansion engine is rarely 
built nowadays, as its superiority in economy 
over the triple-expansion engine—especially 
where superheated steam is used—is not such 
as to justify the provision of the additional 
engine parts. Similarly, the use of triple- 
expansion engines is now practically confined 
to marine engines, and to vertical pumping or 
high-speed sets. For general industrial pur- 
poses the demand is chiefly for single-cylinder 
medium-speed “ Unaflow ” engines, slow-speed 
horizontal compound engines, vertical high- 
speed engines, and special back-pressure and 
steam extraction engines for use with utilization 
of exhaust steam. 
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GOVERNORS AND FLY-WHEELS 

Governors. The function of the governor is 
to regulate the speed of the engine, so that only 
small variations of the mean speed occur with 
changes of load or boiler pressure. This it 
achieves by its effect on the M.E.P., which is 
regulated to suit the varying conditions either 
by “throttling °” of the steam supply, so that 
the initial pressure 1s reduced, with constant 
cut-off, or by varying the cut-off with constant 
initial pressure. Throttle governing is adopted 
notably on modern high-speed engines, although 
this is frequently combined with control of the 
degree of expansion ; and “ cut-off” governing 
is applied almost exclusively to modern slow 


‘Piston rod 
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and medium speed engines, where separate 
valves are provided for steam admission and 
exhaust. In nearly all cases the governor 
depends for its action upon the change of centri- 
fugal force of revolving weights, when the speed 
of rotation changes. “The movement of the 
weights due to the change is transmitted either 
to the throttle valve with throttle governing, or 


to the “ trip-gear ” or steam valve cams with 
cut-off governing. Governors are usually driven 
by gears, but they may be driven by ropes, belts, 
or chains, if precautions are taken to avoid 
mishaps due to failure of the drive. In some 
cases “ shaft governors,” mounted on the crank- 
shaft, are used to regulate the cut-off or initial 
pressure, and in others “ inertia governors ’’— 
actuated by the lag of the weights due to inertia 
effects—are employed. The size of the governor 
may be reduced, and the forces available for 
regulating the gear increased, if a “ relay ” is 
introduced between the governor and the valve 
gear. This relay may take the form of a cylin- 
der and piston worked by oil pressure from 
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some source such as the forced lubrication pump, 
and controlled by an oil valve operated by the 
governor. Relay governors are fitted in some 
steam-engine designs, and they have the 
additional effect of relieving the governor 
of strain. Most ordinary governors can be 
arranged for hand adjustment of the speed 
within moderate limits, say, + 5 per cent whilst 
the engine is running, and in special cases, e.g. 
engines driving fans or pumps, the governor 
can be set to run at any given speed within a 
wide range. Modern governors can be designed 
to control the engine with very small “ perma- 
nent” variation from the mean speed whilst 
the engine is running on load, and a somewhat 
greater “ momentary ” variation when the load 
is suddenly released. Variations of 5 per cent 
and 10 per cent respectively are frequently 
specified, but in practice much closer governing 
is usually achieved, say, about 2 per cent 
permanent variation. 

Fly-wheels. Apart from the tendency to 
speed fluctuations due to changing load or 
steam pressure conditions, fluctuations also 
occur during a single revolution of the engine, 
owing to the variable turning effort on the 
crankpin or sudden change of load. Variation 
of the turning effort is caused by the varying 
steam pressure on the piston, the inertia effects 
of the reciprocating masses, and the mechanical 
arrangement of crank and connecting rod. 

If P, Fig. 5, represents the force given by the 
piston-rod to the crosshead (i.e. net piston effort 
corrected for inertia), and Q the resultant thrust 
along the connecting rod, then the twisting 
moment T = Q xX perpendicular distance OF 
= P X OC: 

If T is found for a number of positions of 
the crank and plotted to a base representing 
the crankpin circle, the resulting diagram of 
twisting moment for one revolution of a single 
crank is of the form shown in Fig. 6. 

It will be seen from this diagram that the 
twisting moment is zero at each end of the 
stroke, and for this reason the term “ dead 
centres ” is applied to these crank positions. 
Assuming the load to be uniform, the mean 
resisting moment Tm on the crankshaft is 
b.h.p. X 33,000 

2anN 
equal to the mean height Tm of the twisting 
moment diagram. At points G, H, K, and L 
the resisting moment is equal to the twisting 
moment. From G to H and K to L greater 


given by Im = , and this is 
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work is done on the shaft than is absorbed from 
the shaft; as indicated by the shaded areas 
above the mean line. The speed will, therefore, 
increase from a minimum at G or K to a maxi- 
mum at H or L. From H to K the work 
absorbed from the crankshaft is greater than 
that done on the shaft, and the speed will 
decrease from a maximum at H to a minimum 
at K. The function of the fly-wheel is to absorb 
the excess of energy represented above GH or 
KL with a slight increase of speed, and to 
restore it again from H to K with a small 
decrease of speed. The amplitude of the 
resultant twisting moment variation may be 
greatly reduced in multi-cylinder engines, by a 
suitable disposition of the cranks, and the dia- 
grams for these engines are drawn by combining 
the diagrams of the individual cranks. 
The “ coefficient of speed fluctuation ”’ 
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Where V,, V,, and V; Ny, Ny and N; 
and w, W, and w; are the maximum, minimum, 
and mean velocity, revolutions, and angular 
velocity of the fly-wheel rim respectively, at 
mean radius R. For any increment of energy 
AE, say as represented above GH, the change 
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T 
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W — Wy 
= = 


k= T 
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A E where W is the weight of the rim. Whence 


of energy of the fly-wheel = w( 


The weight of a fly-wheel rim may be calcu- 
lated from this expression to confine the speed 
fluctuation within given limits. The rim weight 
of cast-iron fly-wheels in halves for single-crank 
steam-engines, e.g. single-cylinder Unaflow or 
four-valve back-pressure engines and tandem- 
compound extraction engines, may also be 
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calculated quickly by assigning a suitable 
value to the constant in Mathot’s formula as 
follows— 

lpn, S< G 


a5 
3 = 2 
NE PED 


W 


where W = rim weight, tons. 
b.h.p. = brake horse-power. 
N = mean speed, revolutions per 
minute. 

I 

= = coefficient of speed fluctuation 
n (k). 

D = mean diameter of rim, ft. 

G = constant = 21,000. 


Owing to the stress set up in the rim by centri- 
fugal force, the value of V in cast-iron fly-wheels 
does not usually exceed 6,000 ft. per min., and 
this for given revolutions fixes the diameter of 
the wheel. The total weight of the fly-wheel, 
including the arms and boss, is about 1-6W — 
1-qW for cast-iron wheels in halves, and about 
2:2W for built-up wheels. 

Engineers frequently state fly-wheel effect in 
terms of weight multiplied by diameter of gyra- 
tion squared—abbreviated GD®. By this con- 
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vention the stored energy 2g 2g \ 60 
ft-lb. where G is in lb., and D in ft. Approxi- 


iL à ; 
mate typical values of > for various working 


conditions are as follows— 


Direct-driven alternators, 250 


300 
T 
Direct-driven generators (D.C.) E = 178 


pE 


Rope-driven Factories 150° 250° 


270 


STEAM BOILERS AND THEIR ACCESSORIES 
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By Percy E. Rycroft, M.B.E., M.LE.E. 


LESSON II 
SHELL BOILERS OF TO-DAY 


THE shell or cylindrical boiler consists, as its 
names imply, of a hollow cylinder or shell built 
up from steel plates, and closed in at either end. 
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main flues are returned through another flue, 
formed in the brickwork setting on which the 
boiler rests, along the underside of the boiler 
shell. 

On again reaching the front the gases divide 
into two further flues—one on either side of the 
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FRONT ELEVATION 
Fic. 7. STANDARD FLAT-END (ANGLE-RING) LANCASHIRE BOILER 


Through these ends are taken one or more 
smaller cylinders or flues, the front portion of 
which is adapted to carry a grate on which the 
coal or other fuel is consumed. 

The remaining portion of the flue serves to 
carry the furnace gases through the boiler to 
the back end. From here the gases are dealt 
with in various ways depending on the particu- 
lar design of boiler, and some of the principal 
types of shell boilers now in use are here con- 
sidered. 

Lancashire Boilers. In the modern Lancashire 
boiler the furance gases after passing through the 
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boiler—and eventually discharge at the rear 
into the chimney. 

A well-known design of the Lancashire boiler 
is known as the flat-end (angle ring) type, and 
in this the circular end-plates are secured to the 
cylindrical shell by means of a welded angle 
ring which is riveted to both shell and end- 
plate. 

In this design, numerous stays or gussets are 
necessary in order to stiffen the end-plates 
against internal pressure and distortion due to 
varying temperatures, but the boiler is quite 
satisfactory for low and medium pressures up 
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to, say, 200 lb. per sq.in. Details of the con- The great developments which have occurred 
struction of a boiler of this type are shown in during recent years in connection with heavy 
Big 7. 

A second design of Lancashire boiler is 


press steel work have been responsible for the 
known third design of Lancashire boiler, known as the 
dish-end. 

By means of heavy hydraulic presses, 
an illustration of which is given in Fig. 8, 
complete drum-ends can now be pressed, 
dished, and flanged from flat steel plates 
in one operation, the dishing or curving 
of the plates giving great rigidity and 
rendering all gussets and stays quite 
unnecessary. 

The absence of these gussets greatly 
facilitates internal cleaning, while the 
added strength due to dishing makes the 
boiler suitable for all pressures. 

Owing to the rigidity of these drum- 
ends it is preferable to arrange for the 
flues to be corrugated in order to allow 
for a reasonable amount of expansion. 
That portion of the flue, however, ad- 


Fic, 8, VIEW OF 500-TON HYDRAULIC PRESS jacent to the furnace should be kept 


Used for pressing boiler drum-ends 


straight. Fig. Ir shows details of a 
boiler with dished and flanged ends, and 


as the flanged-end type, as in this the front and the important differences in construction be- 
back end-plates are flanged so as to eliminate tween this and the flat-ended type will be 


the necessity for 


angle rings. By es 
this arrangement uve 
only half the num- 


ber of rivets are 
required to com- 
plete the joint 
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between the end- 


plates and the 


shell, and, as fur- 
thermore, when 
the boiler is under 
pressure all the 
rivets used are 
in shear instead 
of in tension, they 
are appreciably 
stronger. 

Similar flanging 
is arranged where 
the flues enter the 


end-plates and the 
arrangement is a 
distinct advance 
on the flat-end 
type, although 
stays and gussets $ 
are still required. FRONT ELEVATION 
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apparent on comparing this with the drawing 
shown in Fig. 9. 

A list of sizes, grate area, heating surface, and 
evaporative capacity of Lancashire boilers in 
common use is given below— 


ah x o 7 
Size Diameter Grate Area j Lb. of Water 

ae es E of = | Heating, evaporated 

Length Diameter} Flues Length Area | Surface per hour 
ft. in, ft. in. ft. in. ft.in. ‘sq. ft. | sq. ft, 
200X 60 Zee 50 22$ 400 2,600 
200X66 2 6 50 25 461 3,000 
220X66 2.6 56 274 514 3,400 
240X770 2 9 60 33 636 4,200 
280x700 29 60 33 766 5,000 
280X76 3 0 60 36 838 5,500 
300X76 3 0 70 42 905 6,000 
300x 8o B02) 70 44 983 6,700 
300X86 3 6 70 49 1,080 8,000 
300X90 39 70 52k | 1,235 10,000 
300X96 4 0 70 56 1,350 12,000 


Scotch Marine Boiler. Following the Lanca- 
shire boiler the most important and most per- 
sistent type of shell boiler is the Scotch Marine, 
and its modification—for land purposes—the 
economic dry back. 

The essential features of the Scotch Marine 
boiler are a relatively short cylindrical shell, a 
common size being about ro ft. long, but of 
varying diameters up to as much as 17 or 18 ft. 
They are provided with two, three, or four 


Fic. 10. EXAMPLES OF PRESSED STEEL 
BOILER DRUM-ENDS 
(Edwin Danks & Co. (O!dbury), Ltd.) 


furnace flues according to size, and are very often 
double-ended, i.e. lengthened and fired from each 
end. 

The great departure from the Lancashire 
design is the introduction of nests of fire tubes 
inserted through the end-plates immediately 
above the furnace flues. 

In the case of the marine boiler proper, the 
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furnace gases return from the flue through these 
fire tubes and discharge through a smoke box 
or uptake at the front into the ship’s funnel. 

In the “dry back” modification the gases 


Fic. 11. SCOTCH MARINE BOILER 
View showing fire tubes 


are again returned to the rear by side flues built 
in the brickwork setting, and from thence dis- 
charged into the main flue and chimney. 

At the rear of the furnace in the true marine 
type a combustion chamber is formed inside 
the boiler shell, and in double- 
ended boilers this combustion 
chamber is often made common 
to both sets of furnaces. The 
furnace flues are corrugated to 
allow for expansion, and this 
type of boiler is quite satisfactory 
for pressures up to 250 lb. per 
sq. in. and even higher. 

In the dry back type the com- 
bustion chamber is built in brick- 
work. 

Locomotive Boilers. The loco- 
motive boiler, like the marine 
boiler, has special features de- 
veloped by the particular con- 
ditions under which it has to 
work, and in all essential details 
a loco boiler to-day differs little 
from that of its predecessors of a hundred years 
ago, except, of course, in constructional perfec- 
tion. The relatively narrow width of the engine 
frame has developed a longish boiler of com- 
paratively small diameter, say, 5 or 6 ft. by 
15 ft. 

The furnace chamber is relatively large, being 
in effect a more or less rectangular compartment 
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placed in front of the boiler proper, and water- 
jacketed by an extension of the boiler shell. 
Into that portion of the fire-box, backing on 
to the boiler barrel, are expanded fire tubes 
similar to those in a Scotch Marine boiler, their 


ScotcH MARINE BOILER 
View showing smoke box and uptake 
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other ends being expanded into the front-end 
plate, the gases discharging into a smoke box and 
thence up the funnel. 

This type of boiler has been adapted for 
stationary purposes with some success, but is 
not now much in evidence. 

With very slight modifications the design is 
used for all classes of portable engines, road 
rollers, fire-engines, agriculture machines, and 
similar apparatus. 

In the illustration of a loco type boiler suit- 
able for stationary work the arrangement of 
furnace will be noted. The system of staying 
by means of distance pieces between the narrow 
water space, formed by the sides of the fire-box 
and the outer shell, is indicated by the side 
rivets. 

Loco boilers can be built for quite high pres- 
sures. 

Vertical Boilers. Where floor space is 
restricted, vertical boilers can sometimes be 
installed with advantage, but their use is almost 
entirely restricted to the smaller sizes and lower 
pressures. . 

In principle, they do not differ greatly from 
the horizontal shell boilers already described, 
except that the outer shell is vertical, and that 
the inner shell forming the flue is quite large at 
its lower end where it forms the furnace and 
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combustion chamber, and relatively small at the 
upper end where it leaves as a chimney. 

There are usually a number of cross tubes 
through the lower portion of the combustion 
chamber immediately above the fire, and con- 
necting the water space from one side to the 
other. 

In other types, of which the Cochran boiler 
is a notable example, fire tube construction is 
introduced in much the same way as in Scotch 
Marine boilers. 

The small vertical shell boiler is particularly 
adapted for certain classes of portable work, such 
as steam cranes and builders’ plant. It is also 
used for heating systems and similar purposes, 
but has no vogue for the larger sizes of power 
units. 

General Construction. Before leaving the sub- 
ject of shell boilers, some reference may be made 
to general principles of construction. Good 
modern practice allows for the shell plates to be 
of Siemens-Martin open hearth mild steel, and 
for the ring sections from which the shell is 
built up to be in one piece. Each section may 
be 7 or 8 ft. wide. The circumferential seams 
are lap jointed and riveted, and the longi- 
tudinal seams are butt jointed and strapped. 


Fic. 13. Loco-MULTITUBULAR BOILER 


The flues are built in sections from a single steel 
plate accurately rolled to a truly cylindrical 
form, and solid welded at the longitudinal joint. 
The circumferential joints are flanged and 
riveted. 

(Continued on page 278) 
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STEAM CONDENSING PLANT 


By Joun Evans, M.Enc. 


LESSON IV 
THE JET CONDENSER 


THE jet condenser is the oldest form of con- 
denser, having first been used by Watt. Since 
it first appeared it has been greatly improved 
and is now a very efficient plant, installed 
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chiefly in colliery districts, and industrial 
centres, occupied in the manufacture of textile 
articles. The jet condenser is especially suit- 
able where the supply of cooling water is hard, 
or contains impurities which would quickly 
choke up or “pit” (corrode) the tubes of a 
surface condenser. In such a case, a separate 
supply of boiler feed water is necessary, which, 
if not available in a natural state, may be 
obtained by evaporating and recondensing a 
quantity of dirty water. 

Action of the Jet Condenser. Steam and 
cooling or injection water are mixed in an air- 
tight vessel, in which a vacuum is produced 


by the steam being condensed through coming 
into direct contact with the water. In order 
that the water may efficiently mix with the 
steam, and quickly attain its temperature, it 
is essential that the water is divided into very 
small drops and so present a maximum surface 
to the steam. 

This is accomplished by two methods— 

(a) By spraying the injection water through 
a series of specially designed nozzles, the conical 
shaped sprays from adjacent nozzles intersect- 
ing and producing a very fine spray, or 

(b) By allowing the water to pass through a 
series of perforated trays or sills fixed one above 
the other at short intervals. 

The first method is, however, preferable, as it 
results in a more efficient “ breaking up ” of the 
water. The condensed steam and injection 
water are removed by an extraction pump, or, 
if the condenser is sufficiently elevated, by a 
barometric leg. An air pump removes air 
which has entered the condenser with the steam 
and injection water, the vacuum formed by 
condensation of the steam being thereby 
increased. Since the air pump has to deal with 
air entering the condenser with the steam and 
injection water, and the extraction pump with 
both condensed steam and water, they are 
necessarily of larger capacity than are required 
for a surface condenser of the same duty, where 
the steam and water do not mix. 

Classification. Jet condensers may be divi- 
ded into two classes— 

(a) Parallel flow. 

(b) Counter flow. 

These two classes may, however, be further 
subdivided into high or low level types, the high 
level type being elevated so that the water and 
condensed steam flow out of the condenser by 
gravity against the vacuum, the low level type 
requiring a pump to effect the removal. 

Parallel-flow Jet Condensers. 
flow type, as its name implies, water and steam 
enter the condenser at the same end (Fig. 13), 
and the steam, until it is all condensed, flows 
in the same direction as the water, both being 
discharged at the opposite end. By suitably 
arranging the air suction branch, the air can be 
removed at approximately the same temperature 


In the parallel- 
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as that of the incoming water, i.e. at its maxi- 
mum density. 

An example of a modern parallel-flow jet 
condenser (Hick, Hargreaves) is shown in Fig. 
14. A feature of this plant is the specially- 
designed water-spraying nozzle, which meets 
the incoming steam in the form of an exceed- 
ingly fine spray. The combined steam and 
injection water fall to the bottom of the con- 
denser, and are withdrawn by an extraction 


275 


jet condensing plant, working in conjunction 
with a 2,000 kw. turbo alternator. 
Counter-flow Jet Condensers. A counter-flow 
condenser (Fig. 13) is of such design that the 
water and steam flow in opposite directions, the 
water from top to bottom, and the steam from 
bottom to top of the condenser. As in the 
parallel-flow type, the water is extracted from 
the bottom and the air from some point near 
the top. As it is seldom convenient to arrange 


Fic. 14. SECTIONAL ELEVATION AND OUTSIDE VIEW OF VERTICAL PARALLEL-FLOW JET 
CONDENSER WITH TWwo-STAGE STEAM-JET AIR PUMP AND EXTRACTION PUMP 


pump Æ, while the air and other incondensable 
gases are removed by an “ejectair” A, a 
description of which will be given later. A cast- 
iron apron P is fitted, under which is a water 
spraying nozzle, supplied with cooling water. 
The air on its way to the ejectair passes under 
this apron, is cooled and devaporized, being 
finally withdrawn at maximum density. A 
float-controlled vacuum breaker V opens an 
air valve and destroys the vacuum, should 
the extraction pump fail, or the water level in 
the condenser rise. Thus, flooding of the con- 
denser and possibly the turbine or engine is 
prevented. Fig. 15 shows a Hick, Hargreaves 


the steam inlet near the bottom of the conden- 
ser, present-day practice is to install a counter- 
flow condenser only when a barometric leg is 
possible. Where the condenser can be erected 
immediately under the exhaust branch of the 
turbine or engine, the parallel-flow type is the 
more suitable, as interconnecting piping is 
then eliminated, and the “ drop ” in vacuum 
between the exhaust branch and condenser 
minimized. 

High- and Low-level Jet Condensers. High- 
level or barometric condensers are advantageous 
where a saving in auxiliary power can be effected, 
due to the relative positions of the prime mover 
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and cooling water supply. They are similar in 
design to low--level condensers, the difference 
being that on account of their elevation, the 
water is removed by gravity, the bottom of the 
condenser being about 40 ft. above the water 
level in the sump or hotwell. If the vacuum 
in the condenser is, say, 27 in., it will be able 
to hold a column of water 27 X - = 306 ft. 
in the leg or waste pipe. Thus, the condenser 
is always “ sealed,” and provided the leg is of 
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3. Most suitable for working in conjunction 
with reciprocating engines, which only require 
moderate vacua. 

4. Dirty cooling water may be used, especially 
with the barometric type. 


Disadvantages. 


I. Condensate is not recoverable, and conse- 
quently the heat units in the condensate are 
lost. 


2. A separate feed make-up supply is required 


Fic. 15. MULTI-JET. CONDENSING PLANT 


Working in conjunction with 2,000 kw. turbo-alternator 


sufficient bore, the water will flow from the 
condenser to the sump. The high-level con- 
denser, however, requires a pump to deliver 
water to the condenser, as the maximum distance 
the vacuum in the condenser will lift its water 
is 18 ft. A typical arrangement of a barometric 
jet condenser is shown in Fig. 16. 


Advantages of Jet Condensers. 
I. Simpler and cheaper than the surface 


type. 
2. Quantity of cooling water required is less 
than that required for a surface condenser. 


if the injection water is not suitable for feed 
purposes. 

3. Owing to a large amount of air in solution 
in the injection water, a large air pump is 
necessary. 

4. Power required to drive the pumps is 
greater than is required for a surface condenser 
of the same duty. 

Calculations for Parallel-flow Jet Condenser. 
A jet condenser working in conjunction with a 
steam turbine is required to condense 20,000 lb. 
of dry and saturated steam per hour, and main- 
tain a vacuum of 28 in. at the turbine exhaust 


STEAM CONDENSING PLANT 


branch when supplied with injection water at 
7o- F. 

Injection Water. The temperature of the 
incoming steam will be that corresponding to 
a vacuum of 28in. (1 lb. per sq. in. abs.), viz., 
102° F. To ensure that the minimum quantity 
of injection water is used, the temperature rise 
should be a maximum, that is, the outlet 


Injection to Condenser 


Atmospheric Exhaust Valen } 
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Heat given up per lb. of steam 
(latent heat) = 1034 B.Th.U’s. 
<. Injection water required = 1934 X 32.002 


ll 


740,000 Ib. per hour 
1233 G.P.M. 


Injection Pipe. Taking a velocity of 8 ft. per 
sec. through the pipe, 


Air Pump Suction 


Open type 

Tail Pipe 

Operatin 
Deer 
; Rotary 
Air Pump 
Injection Operatin, 
erik Pump d 
Turbine Floor Level 
a 4C Adap ton Expansion 
| Piece mp 


Exhaust Bend 
Support 


Vacuum Drain Trap 


Support Plate & Rollers 


Fic. 16. TYPICAL ARRANGEMENT OF WORTHINGTON-SIMPSON BAROMETRIC JET 
CONDENSER WITH ROTARY PUMPS 


temperature should be as near T02- F. a5 
possible. Owing to the partial air pressure 
in the condenser, the injection water outlet 
temperature will be slightly lower than the 
vacuum temperature, the following being repre- 


sentive of modern practice. 

Temperature difference between 
vacuum temperature /, and in- 
jection water outlet temperature 


TYPE oF PRIME MOVER. 


Turbine > E x 4° E. 
New reciprocating engine 6S F. 
8° F. 


Old reciprocating engine 


Hence injection water inlet temp. ¢, 70° F. 
outlet ,, t = 102-4 = 98°F. 


98 - 70 = 28°F. 


” ” a 


Temperature rise 


740,000 X 144 
60 X 60 x 62°4 x 8 
59°3 sq. in. 

“, Diameter of pipe = 84 in., say. 


Area of pipe 


Exhaust Steam Inlet Branch. Various makers 
select different values for steam velocities 
through the exhaust branch, the following giving 
good results— 


Vacuum Velocity of steam 
(inches of mercury) feet per sec. 
28 400 
27 300 
26 275 
25 250 
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Volume per 1b. steam at 28 in. vac. = 331 cub. ft. 
of steam entering per sec. 
__ 331 X 20,000 


=s b. ft. 
60 X 60 ea 
Steam velocity at 28 in. vac. = 400 ft. per sec. 
*, Area of exhaust branch 
= 1839 X 144 = 662 sq. in. 
400 


Diameter of exhaust branch 
= KETEN = 29 in. say. 
T 


Condenser Body. The area of the condenser 
body, when working in conjunction with a 
turbine should be about three times the exhaust 
branch area, and the length two and a half to 
three times the condenser diameter. When 
working with a reciprocating engine, the 
volume of the condenser body should be about 
four times the volume of the low pressure 
cylinder of the engine. These are minimum 
proportions. 


.. Diameter of condenser = 29/3 = 50 in. 
and length of condenser 
= 25 X 50in. = ro ft. 6 in., say. 
Extraction Pump. 
Total weight of water 
removed from conden- ¢ = } plus weight of con- 
ser densed steam 
=740,000 + 20,000 = 760,000 lb. per hour 
Head of water equivalent to 28 in. vac. 
= 28 X 34 = 31-7 ft. 
5 in bottom of condenser 
= 1-5 ft. say. 
Delivery head = 5-0 ft. say. 


weight of injection 
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Note. A 30in. barometer is equivalent to a head 
of 34 ft. of water. 

.. Total head on pump 

= 31-7 + 50-15 = 35:2 it. 

.. Extraction pump duty 

= 760,000 lb. per hour at 35-2 ft. total head. 

Water horse-power 

760,000 X 35:2 
60 X 33,000 135 
Assuming a pump efficiency of 75 per cent. 
Then power of motor to drive the pump 
13°5 
075 18 b.h.p. 

Note. Where the water is removed by means 
of a barometric leg the water velocity in the 
leg should not exceed 200 ft. per min. 

Volume of water discharged 


760,000 
R 60 X 62-4 = 203 cub. ft. per min. 
[OIX I 
z Area of leg = aa = 146-2 sq. in. 


.. Diameter of leg = 14 in., say. 

Head required to produce a water velocity of 
200 ft.-min. = o-18 ft. 

Add 1:5 ft. to allow for fluctuation of water 
level in leg. 


.. Total length of leg or waste pipe 
= 31-7 + 0-18 + 1:5 = 33°38 ft. 
= 33°5 ft., say. 


STEAM BOILERS AND THEIR ACCESSORIES 


(Continued from page 273) 


Arrangements are always made so that no 
rivets are in contact with the fire, and for deter- 
mining the thickness of plates, a factor of safety 
of five is allowed. The varying methods of 
connecting the end-plates to the shell have been 
already referred to. 

For obtaining access to the water space a 
wrought steel raised saddle piece is riveted to 
the top of the shell, and a further flanged oval 


manhole is usually provided in the lower portion 
of the front end-plate under the furnaces. 
Branches for steam pipe, safety valve, gauge 
connections and other details are of wrought 
steel accurately shaped to fit the curvature of 
the shell or drum-ends and rivetted in position. 

For the smaller connections, bosses are often 
pressed out in the drum-ends during the dishing 
or flanging process. 
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FANS AND BLOWERS 


THEIR CONSTRUCTION AND OPERATION 


By F. G. Wutpp, A.M.I.Mecu.E., A.M.I.H.V.E. 


LESSON IL 
PROPELLER FANS 


THE common form of propeller fan illustrated 
in Fig. 2 consists of a revolving wheel having 
from three to eight blades, set at an angle 
varying between 30° and 50°, according to the 
design, the angle being measured in relation to 
the plane of the wheel’s rotation. The earlier 
form of blades was perfectly flat, but these are 


Axis 


Fic. 5. COMPARISON OF AIR FLOW ACROSS 
FLAT AND CURVED BLADES 


now almost entirely superseded by those of the 
curved or spooned variety. 

By curving the blade, an easier sliding motion 

is imparted, and slip and impact losses are 
greatly reduced. With blades that are flat 
_ there is bound to be a beating tendency directly 
the pitch approaches that necessary to assure 
an efficient volume of air being handled. 
_ The difference between the flat and curved 
blade may be observed from the diagram, 
Fig. 5, where a section of each type of blade is 
shown. The approximate course of the air 
particles is indicated by dotted lines, and it will 
be seen that whilst the flat blade meets the air 
with some shock, the curved blade slices the 
air at its inflow edge and, it is reasonable to 
believe, the air passes over the blade with a 
gradual alteration of direction and increase of 
speed. 

The feed edge of the curved blade lies at 
125° from the plane of rotation, whilst the 


discharge edge makes an angle of 50° to this 
plane, so that during its traverse across the blade 
the direction of the air particles is deflected 
through 37:5°. This blade is taken from actual 
practice and, being from a well-known make of 
fan, forms a good representative example. 

The angle of the flat blade is the same as 
that of the discharge edge of the curved one, 
viz., 50°, and has been set thus for purposes of 
comparison only. 

In practice the angle of a flat 
blade seldom exceeds 40°. A stream 
of air entering the flat-bladed system 

_ will rush up to the face of the blade 
and, after striking it, will be deflected 
off at an angle dependent upon the 
inclination of the blade. 

If the initial direction of flow was 
the same as in the case of the curved 
blade this shock would be very much 
greater than is suggested by the 
diagram, but it is known that the 
blade shape and pitch does influence 
the flow of air in front of a fan, and 
it is reasonable to assume that a 
higher initial velocity will be attained 
with the straight blades than with 
the curved ones on account of the 

greater pitch of the feed edges of the former. 

It will be noticed from the diagram that a 
partial vacuum is formed at the back of the 
leading edge of the blade, which phenomenon 
is common to all flat propelling surfaces. This 
tendency is largely reduced by correctly curving 
the blades, and can be entirely eliminated by 
thickening the front portion of the blade to 
conform to the rarefied area. Some fans are 
constructed with hollow blades and are so shaped 
that the vacuum is destroyed. From a point 
of view of power saving it will be obvious that 
the greater is the difference in pressure between 
the front and back of the blade, the greater 
will be the amount of power required for turn- 
ing the propeller, since, when the pressure on 
either side of the blade is the same no power is 
expended, which state exists when the fan is 
stationary. 

Some Types of Propeller Fans. The fan 
mentioned in the above matter, and illustrated 
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in Fig. 2, is known as the open blade pattern as 
distinct from the box-bladed type illustrated in 
Fig. 6. With this fan the outer tips of the 
blades are encircled by a binding ring, thus 
enclosing the system, by reason of which it gets 
its name. This feature makes for greater 


| 


Back View (Discharge) 


Front View ( Feed 


Blade Removed. 


Fic. 6. Box BLADED PROPELLER FAN 


rigidity and high speeds are permissible ; con- 
versely, lighter material may be employed for 
a given speed. 

As increased speeds mean higher power con- 
sumption, which may not be in proportion to 
the extra quantity of air moved, it does not 
necessarily follow that a box-bladed wheel is 
more efficient than the open type, and in prac- 
tice the difference as a rule is not great. Some 
makers claim a higher volumetric figure for 
their particular pattern of box-bladed fan and, 
when these claims are backed by tests of 
reputable firms, they may be taken as bona 
fide, for blade curvature and other details vary 
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with this class of fan as with the open-bladed 
pattern. As will be observed from the drawing, 
the blades occupy practically the whole of the 
wheel surface, which feature is one of its chief 
claims, as the opening is thereby closed up when 
the fan is at rest. Usually the blades are flat 
for the greater part of their length, sweeping 
round in an easy curve at their outer edges. 

The depth of the wheel is constant from 
the blade roots onwards, and is approximately 
0:22 of the wheel diameter. l 

Another form of propellor fan adopts the same 
shape of blade as that of the box wheel, but 
dispenses with the retaining ring and has only 
three or four blades, so that the complete wheel 
surface is not covered. 

Fig. 7 illustrates a novel form of wheel which 
is sometimes referred to as a strip-bladed fan. 
The blades are constructed of mild steel strips, 
set at an angle and so proportioned as to pre- 
serve a constant pitch over the entire wheel 
surface. It is claimed by the makers, Messrs. 
Jas. Keith & Blackman 
Co, Ctd that a sunitorn: 
velocity is obtained in the 
air stream which flows in an 
axial direction. This fan is 
reversible in action and is 
known as the Double Black- 
man Fan. 

Reversibility. None of the 
fans dealt with are strictly 
helical, that is to say, they 
do not conform to a true 
screw motion. The nearest 


approach is the flat-bladed Te A E 
fan, and if this fan be Waero 


arranged with its blades in- 

clined at 45° to the plane of rotation, then it 
is evident that it will work equally well in 
either direction. A fan with true helical 
blades will also be reversible, and if the pitch 
velocity is the same as the circular velocity 
then its efficiency in either direction of rotation 
will be the same.. 
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MACHINE TOOLS 


By JosepH G. Horner, A.M.1.MEcu.E. 


LESSON VI 
THE LATHES—(contd.) 


Work Between Centres. Lathe work is divis- 
ible into two great groups—that supported 
between centres, and that in which articles are 
gripped at the headstock end only in chucks. 
For “ between centres ” work, the piece to be 
turned is supported on two conical point centres 
in the headstock and loose poppet, the angle of 
cone included being 60°. These will sustain 
the most massive pieces that a lathe will carry. 
The centres rarely fracture, but that in the loose 
poppet has to be reground at intervals. The 
centres fit with a Morse taper. The centres on 
the work may be marked with a caliper moved 
round as in Fig. 12, and the centre averaged 
from scribed marks on the end. For light 
pieces, the centre can be indented with a 
punch, Fig. 13, or a bell-centre punch, Fig. 14, 


Fig. 12. FIG. 13. 
CENTRING WITH CENTRE 
A CALIPER PUNCH 


may be used which both locates and pops the 

centre. But for all except the lightest work it 

is necessary to both drill and countersink— 

the drilling to prevent the grinding of the centre 

point in the end of the cone. Special drills 

like Fig. 15 are used for this purpose. Since 
19—(5462) 


many bars and forgings are of irregular outlines 
and crooked, correction of the centres may 
have to be made. For this, one of the counter- 
sinks shown in Fig. 16 is used, inserted in the 
loose poppet. The work is coerced axially by 
the pressure of a bar bent, or forked, Fig. 17, 
gripped in the tool rest. 
Bars that are badly bent 
are straightened in a 
screw press. 

Carriers and Drivers. 
The carrier grips the work 
close to the headstock 
centre, and a driver on 
the centre or on a face 
plate rotates the carrier. 
Commonly, the heart- 
shaped carrier, Figs. 18 
or I9, is adopted, but 
this is not the best for 
heavy duty. It has but 
a single tightening screw 
with a small area of 
contact. For heavy ser- 
vice there are diversified 
forms, of which Fig. 20 
is typical, that grip the 
work with equal contact 
on opposite sides, and are 
tightened on it with bolts. Frequently, a thick- 
ness of paper, or of soft sheet metal is interposed 
between the grip of the carrier and bright sur- 
faces. 

The simplest driver is a single bent prong 
that fits in a slot in the body of the actual 
centre, just behind the cone, Fig. 21. This is 
only suitable for very light lathes. A more 
substantial form is that in Fig. 22, where the 
body that receives the driver is screwed on the 
mandrel nose, and receives the cone centre 
fitted with a taper. For larger radii, a driver 
plate, Fig. 23, is used—the “ catch plate,” with 
pins screwed into holes nearer to, or farther 
from the centre, attached in either one of the 
two ways shown. When a single driver is 
used, as in these illustrations, the rotational 
effort is unbalanced. To avoid this, the double 
driver, Clement’s device, is adopted. The 
carriers then have two tails, as in Fig. 19, with 


FIG.. 14 
BELL-CENTRE PUNCH 
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which the driver pins make contact. To ensure 
that both pins shall be effective, provisions are 
sometimes made for effecting minute self-adjust- 
ments of the pins. 

Steadies. These are necessary to support 
long slender pieces against the pressure of the 
cut in portions away from the centres. They 
partly or wholly embrace the revolving pieces, 


ae 


Fic. 15. CoUNTERSINKING DRILLS FOR CENTRING 


and they are fixed, or travel, the first being 
secured to the bed, the second to the carriage 
of the slide rest. The first is suitable for short, 
comparatively stiff pieces, the second for 
those that are long, slender, and parallel. 
Variations in methods of fitting are these : 
the steady may have to embrace a rough bar, 
in which case the bar is gripped in a sleeve 
with set screws, giving clearance space, and the 
sleeve is rotated in a support. More often a 
light cut is taken just wide enough to receive the 
steady, which may then remain in one position 


Fic. 16. 


COUNTERSINKING DRILLS FOR CENTRING 


while short lengths or shouldered portions are 
being turned, or it may travel, following the 
tool closely. Steadies are, or are not, adjust- 
able. The objection to the latter is, that vee’d, 
or the hollowed blocks of wood or metal that 
embrace the work must be cut to correct shapes, 
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and fixed at exact centres, and renewed for 
every variation in the size of work. The best 
centres, therefore, are those that make contact 
at three equidistant points, each separately 


Fic. 17. METHODS oF CoERCING A BAR CENTRED 
ON THE COUNTERSINKS IN FIG. 16 


adjustable. A steady with a hinged cap is 
convenient for the rapid insertion and removal 
of work. 

Mandrel Work. A large volume of lathe work 
deals with articles that are both turned and 


Fic, 18. 


Fic. 19. 
HEART-SHAPED CARRIERS 


bored, of which bushes, liners, wheels, and 
pulleys are typical. Nearly invariably boring 
precedes turning, except in those cases where 
bushes and liners are turned and pressed into 
the bores of cast-iron bodies, and afterwards 
bored in place. 


—_ 
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MACHINE TOOLS 


Tubular Articles. These, chucked by their 
bores, are secured and centred in various ways. 
They are mounted on temporary centres, or 
on mandrels of wood or metal, the latter being 
solid, or of an expanding design. One method 
which has not much to recommend it is to run 
the tube on a coned centre, substituted for the 


FIG. 20. CARRIER WITH EQUAL GRIPS 


ordinary one in the movable poppet, the other 
end being gripped and driven with a chuck. As 
the centre is large, the friction between it and 
the revolving work is severe, wearing the tube 
bell-mouthed, and heating it up. For this, the 
running or live centre is substituted, having one 
or two ball races. Other ways of centring are 
to bridge the bore with a strip, or a disc, or a 
triangular spider with a countersunk hole to 
receive the ordinary back centre. Instead of 
gripping with chuck jaws at the headstock 
end, the tube may fit frictionally over a wooden 
plug held in a chuck. 

Of the mandrels proper one of the oldest 
forms is the coned design which grips both ends 
of the bore and 
drives, so that the 
entire length of the 
tube can be turned 
without rechucking. 
A long bolt, driven 
on centres carries 
a cone fixed near 
the headstock end, 
and one at the 
poppet end, adjustable with a long screw to 


PRONG DRIVER 


ETG. 21. 
IN SLOTTED CENTRE 


accommodate it to various lengths of tube. 


More than one mandrel is required to take a 
large range of diameters. Another form with a 
bolt has flat clamping plates instead of cones. 
Neither of these is so common as are those 
which make contact through the bore. 
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Solid materials are either of wood or iron. 
The first are very useful because they cost 
little, and are readily turned to suit any slight 
variations in bores. They may be turned in a 
continuous diameter, or with belts, to facilitate 
the driving of the tubes over them. The iron 
mandrels are properly case-hardened and ground 


DRIVER IN BODY THAT RECEIVES 
THE CENTRE 


FIG. 22. 


to size, and are carried between centres, and 
driven with a carrier. The great objection to 
these is, that they will only take a bore that is 
of exact size. The same objection applies to 
the stepped mandrels which take a large range 
of bores in short lengths only, the sizes of which 
must be an exact press fit. 

These are the reasons why the expanding 
mandrels are more popular. They have a 
moderate range of capacities, and pieces of work 


Fic. 23. CATCH PLATE DRIVER 


can be set at any portion of their length without 
driving. In a common form, Fig. 24, the sleeve 
fits over a tapered body, which provides for 


_the expansion of the sleeve that is rendered 


elastic with six splits, stopping short of the ends 
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In this the contact with the 
bore is continuous. In Fig. 25 the contact is 
that of four distinct blades. The body is 
parallel, but the grooves are tapered, and the 
blades are confined with a surrounding sleeve. 


and alternating. 
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are turned between centres, but the pins that 
are embraced by the connecting rods must be 
centred with chucking plates. Cranks are 
single, double, and three-throw, the plates for 
which are made with two, three, or four centres 


Fic. 24. THE SLEEVE TYPE OF MANDREL 


In another form, blades are adjusted with 
screws instead of by the driving of a central 
arbor. Some blades are stepped to accommo- 
date a range of diameters. 

Turning Tapers. These are turned in three 


respectively, one for the axle, the others for 
the pins. Ina solid crank like Fig. 26 the spaces 
between the webs are cut out by drilling, or 
slotting, or with hack-sawing machines. Then 
the axle is centred, the journals turned, and the 


Fic. 25. THE BLADE TYPE oF MANDREL 


ways. The slide rest is utilized for short 
tapers, of any angle, by swivelling the tool post. 
The top slide set to the angle is fed by hand. 
Long tapers are turned by setting over the 
movable poppet in lathes where that provision 


outer faces of the crank webs turned. The 
ends are then embraced and clamped by the 
chucking plates (Fig. 26) three times, once for 
each pin, and the pins are turned and the inner 
faces of the webs. To prevent the bending of 


Fic. 26. TuRNING A CRANK ON CHUCKING PLATES 


is made. Long and short tapers are dealt with 
by an attachment mounted at the rear of the bed 
—not so common here as it is in America. It 
has a slide, adjusted to the angle with which 
the tool slide of the rest is connected, and which 
coerces the movement of the tool. 


Crank Turning. The axle journals of cranks 


the crank by the pressure of the centres, struts 
are inserted as shown, or bolts are tightened 
between the webs that are not being turned, or | 
clamping plates with shoulders. The way in 
which the centres of the pins are set out for 
transference to the chucking plates is shown in 
the end view. 
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JIGS AND TOOLS 


By Leo KELSEY 


LESSON IV 
CLAMPING 


THE following considerations will always enter 
into any problem concerning the securing of 
components against a force exerted by a tool 
performing a cutting operation on the compo- 
nent— 

I. Direction of force due to cutting tool. 

2. Magnitude of force. 

3. If cutting action produces two or more 
forces, their direction required. 

4. Permissible clamping pressure on compo- 
nent or part thereof. 


5. Rigidity of component. 

6. Ease of removal of clamps. 

7. Distortions liable to be produced by 
clamps on component. 

8. Simplicity of clamp design and relative 
cost. 

9. Value of complex clamping mechanism 
against simple clamps in terms of reduced 
operating time, also cost and frequency of 
replacement. 

When the method of locating a component 
has been decided, it is advisable to try and use 
the locating surfaces as supports against clamp- 
ing pressure ; this should be done, if possible, 
because it will ensure the component seating on 
_ its location, and the clamp, if correctly designed, 

will not distort the latter. 

Direction of Force, due to the cutting tool, is, 
in the case of the planer, in the opposite direc- 
tion to the path of travel of the work being cut, 
and in the case of the shaper, in the same direc- 
tion as the path of travel of the tool-head or 
ram. In facing operations on the lathe and 


boring mill, the force direction is tangential to 
the circle which the tool is cutting on the work, 
and opposite in direction to that of the work’s 
rotation. All drills, but not single tool boring 
bars, exert a torque in the same direction as their 


FIG. 23 


rotation ; the same applies to reamers, shell- 
mills being fed vertically, etc. Ordinary mill- 
ing cutters exert a force, if they are laterally 
stationary, opposite to that of the path of the 
work’s travel; the same applies to horizontal 
or vertical milling machines and reciprocating 
type surface grinding machines. Cylindrical 


_- COMPONENT ~~ 


type grinding machines exert a force tangential 
to the point of contact of the work and the 
grinding wheel, and in the same direction as the 
latter’s rotation. Cylindrical grinding machine 
wheels tend to rotate the work in the opposite 
direction to that of the latter’s rotation. 
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Magnitude of Force, due to cutting tool, 
depends on the type of tool and volume of metal 
being remoyed during any given period. For 
equal values of metal removed, it is least for 
single-point cutting tools, such as lathes, planers, 
etc., and greatest for multiple-point tools, such 
as milling cutters, reamers, etc. Drills have a 
high efficiency in this respect. A milling cutter 


exerts three forces in three directions on the 
work, namely, vertical—due to rotary motion 
of cutter; horizontal, due to feed, and down- 
ward, due to pressure of cutter on work. The 
horizontal motion produces the largest force. 
A planer or shaper has also force components, 
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one downward, one horizontal (the largest), and 
one due to the side travel of the tool. 

The clamping pressure on the component 
should never be more than what is needed to 
hold the component firmly against the cut. 
Excessive pressure is waste effort and impedes 
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production. Shoulda component be of a spring- 
ing or resilient nature, great care must be used 
in clamping it, and, if necessary, removable 


` MILLING SAW 
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struts provided to reduce distortion and vibra- 
tion. . 

When the fixture is required for large quanti- 
ties of the component, it is sometimes economical 
to so design the clamps that they can be released 
and tightened by a single handle, thereby reduc- 
ing the loading time of the operation ; however, 
this is not always convenient and, if done, may 
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FIG. 28 


necessitate an unduly costly mechanism which 
may require frequent renewals of parts, etc., and 
the attention of the tool room ; skilful designing 
can obviate a great deal of this, however. 

Illustrations of good clamp designs appear 
from Figs. 22-33. All are widely used. A 
single handle multiple-function clamp is shown 
in Fig. 34. 


i 
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JIGS AND TOOLS 


The fixture body A is secured to the machine 
table. The pins P serve to locate the work ; 
the clamps H are pressed on to the component 


VIEW IN DIRECTION OF ARROW 
Fig. 29 
shown in dotted lines by means of the eccentrics 


formed on the shafts B, which are partially 
rotated by the handles K. One half-revolution 


IS i 


COMPONENT 


of the shafts is sufficient to release or clamp the 
component. 

Three-point clamps are the ideal and should 
always be attempted, but a spherical seating 
must be provided for the nut, to allow the 
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necessary rocking movement when tightening. 
Clamps must always be of: robust design, 
especially where heavy work is being performed 
on the component. The same applies to all 
tightening devices, such as screws, nuts, cams, 
etc. The latter must be hardened and periodi- 


Locatin. 
pins I 


FIG. 31 


cally lubricated. It is impossible to give more 
than a guidance in clamp design once the 


principles have been understood, but the student 
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can attain proficiency more rapidly if he tries 
to criticize his designs systematically. The 
following will be found useful in this respect. 
Functions of clamps, in order of importance : 
to secure component firmly—to release same— 


288 


long-wearing qualities—ease of tightening and 
releasing—low-cost to make—rapidity of opera- 
tion. The last two will be reversed in accordance 
with the previous statements on the subject. 
Combined Jigs and Gauges. We have now 


considered briefly the various types of machine 
tools, their respective jigs and fixtures, methods 
of locating components and clamping same. 
Before the next important subject of inspec- 
tions and gauges is discussed, it is our intention 
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to illustrate a method of obviating much of the 
diffculty of design, manufacture and cost of 
special gauges for components. Briefly, the 
method is, that if one machining operation has 
been performed on a component, the next 
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operation in which a jig or fixture is used can 
also be utilized to gauge or inspect the compon- 
ent, by so designing the jig or fixture that any 
one component which is not within the limits 
allowed cannot be used in the jig or fixture. A 
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simple example is shown in Fig. 35. The 
locating spigot A is the same diameter as the 
minus (-) limit of the hole in the component, 
while the diameter B is that of the plus (+) limit. 
The drilling jig‘is, therefore, an inspection gauge 
used by the driller on the operator who bored 
the hole in the component, because, should the 
hole in the component be smaller than A, the 
jig will not enter, and should it be larger than 
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Swinging 
Clamp or 
Latch 


B the jig will not stay in the component, and 
therefore cannot be used satisfactorily. Another 
example is shown in Fig. 36. The component 
in this case cannot enter the jig unless it be at 
least within the + limit allowed on the job, and 
the clamp of the jig cannot be swung into 
position unless the component is within the -+ 
limit allowed on its over-all length. There are 
many and varied applications of this principle, 
but it should be treated very carefully until 
experience. has been obtained in actual produc- 
tions. 
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LESSON IV ance by 2:5. Taking the example just men- 
TEMPERATURE RISE IN e increase in resistance 
ELECTRICAL MACHINERY 4 

10 — 8-61 
A LITTLE consideration will show that from = ee LOO = 10-1 
equation (9) we can calculate the temperature , 
rise of a conductor or winding, providing the Approximate temperature rise 
initial temperature and the change in resistance Sr x 25 = 402 C. 
are known. In determining the rise in tempera- 
ture in the windings of electrical machinery, this TABLE I 


RELATIVE CONDUCTIVITIES AND TEMPERATURE 
COEFFICIENTS FOR METALS 


method is frequently adopted. The variation 
in resistance of platinum wire with increase in 


temperature is also utilized in certain types of Specife. | Density 
- r : a Relative | Resistance Temperature 
thermometers, known as electrical resistance ee Condue- | (mierobms | (Crame | icoeficieut 
thermometers, which are capable of accurately ae abm = 
measuring temperatures up to 1,200° C. RR 
In the case of electrical machinery, the resist- aA 
. FACEN ver (aane ; f } 
ance of a particular winding is measured, first, Copper (annealed) | | too EE A e a 
at air temperature 7,° C., and again after a Copper (hard-drawn) A Aea p een 
. . . . . af 
specified test, when the winding has attained oe Ea ae (tee to 
rawn + 010040 
some unknown temperature Tee (G, (ne ene A ieee drawn) 286 pee Pan EO 
perature rise will then be Ta C- 77 C. and Fistinum i i AA S N E 
the formula for calculating the temperature Nickel og 13:5 [ro tora] 8:75 | + o-0062 
rise may be derived from equation (9) in the geg "05°? wire) Tee Nika toreal n 
following manner— Chie (track rail) A 7:9 ed 7°35 B 0*0024 
fercury s Ee 94:0: 1355 000072 
Carbon (gra: hit < — 2,400 to 2° Negativi 
Kal = Re (I -H aT,) Geria Gos k n 
and, R = R, TaT): 
T these two simultaneous equations we ies: (tes cones ees 
(RIERA (x + aT,) In the construction of standard resistances, 
ThS R 7 (10) measuring instruments and shunts, conductors 
TL 
All the factors on the right-hand side of the Battery 


equation are known, so that the temperature 
rise can easily be computed. 

EXAMPLE. The field coil in the previous 
example was found to have a resistance of 
8-61 ohms at 15° C. Find the temperature 
rise after the machine had run 10 hours, if the 
resistance was then found to measure 10 ohms. 


(x0 — 8-61) I + (100428 X 15) 


8-61 *00428 Fic. 8. DIAGRAM SHOWING LAMPS IN 
= 40°15° Cc PARALLEL CONNECTED TO A BATTERY 


sl s= 


For windings of copper wire, and assuming are employed which have a high specific resist- 
the air temperature (7,) to be about 15° C., the ance and negligible temperature coefficient, for 
approximate temperature rise may be determined the reason that any change in resistance with 
by multiplying the percentage increase in resist- temperature variation, will introduce errors in 
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measurement. It has been found that certain 
alloy metals have high specific resistances and 
lower temperature coefficients than their con- 
stituent metals, and such alloys are particularly 
suited for the purpose mentioned. In the 
following table particulars are given of five of 
the best known high resistance alloys— 


TABLE II 


SPECIFIC RESISTANCE AND TEMPERATURE COEFFICIENTS 
FOR Hı RESISTANCE ALLOYS 


Bley Sees Temperature 
arenes Coefficient 
(Microhms per a 
Name Composition CHE GIES av 
Platinum- Platinum = 67 
Silver Silver = 5%) 24°0 + 0°00031 
Copper = 59 
Ae Zinc = 25'5 32°5 + 0°00022 
Platinoid . {iis So 
Tungsten = 1'5 
German Copper = 60 
Silver . Zinc = 22 33°3 + 0°00031 
Nickel = 18 
Copper = 84 -+ o-00001 
Manganin . Nickel = 12 47°5 to 
Manganese = 3°5 + o-00004 
s Copper = 60 Practically 
Eureka f Nickel = 40 50°0 zero 
GROUPING OF RESISTANCES 


In actual practice, the problem associated 
with electric circuit resistance, involves the con- 
sideration of resistances grouped in various ways. 
For example, Fig. 8 illustrates a typical battery 
circuit, and if we carefully study this circuit, we 
shall find that the total resistance consists of a 
number of component resistances, viz.— 

(a) The internal resistance of the battery, R4. 

(b) The resistance of the conductors or cables 
used for connecting the lamps to the battery, 
R, and 

(c) The combined resistance R, of the lamps, 
Ri Rp and Ry: 

For the present, let us regard the three lamps, 
R,, R;, and R, as a single resistance, then the 
three resistance components mentioned above 
(R,, R, and R,) are said to be in series. In the 
case of resistances grouped in series, the com- 
bined resistance-is equal to the numerical sum 
of the separate resistances. Thus— 


Combined resistance 
= R=RF FRFR STE) 
The current taken from the battery is given 
by 
E 
T E Pa 
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where 


E = E.M.F. of the battery on open circuit, 
in volts. 


Dealing now with the lamps R, R, and Rẹ 
we have a different grouping of resistances, as 
each of the three lamps is connected directly 
across the terminals of the battery. Such an 
arrangement of resistances is known as parallel 
grouping. The combined resistance of any 
parallel grouping can be deduced from the follow- 
ing rule— 

The reciprocal of the combined resistance is 
always equal to the sum of the reciprocals of the 
separate resistances. 

Another way of expressing this, is to say the 
combined conductance of a number of resistances 
in parallel, is the sum of the conductances of 
the separate resistances. f 

Referring again to Fig. 8, the combined resist- 
ance of the three lamps, R, R;, and Rẹ, can 
be calculated from the formula— 


: I ist: Ue aa 
Combined resistance R, R, + R; i R, 


Considered as a whole, the circuit shown in 
Fig. 8 is a series-parallel grouping of resistances. 

Examples. (I) Three resistances of 5, 20, 
and 25 ohms respectively, are connected in 
series across a 50-volt supply. Find the current 
in the circuit. 


Total resistance = 5 + 20 + 25 = 50 ohms. 


E 0 
I= R= = = I amp. 

(2). Four metallic filament lamps having 
resistances of 200, 400, 500, and 1,000 ohms 
respectively are connected in parallel across a 
Ioo-volt supply. What is the combined resist- 
ance, and the current taken from the mains. 


Combined resistance 


I 
aS: I F I 
200 + 400 ii 500 + T000 
z nis 
~ +005 + -0025 + ʻ002 + -00I -0105 
= 05:3 ohms. 

z E 100 
Current taken from mains, I = z= rr 


= 1-05 amp. 
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RHEOSTATS The rheostat consists of a large number of car- 
bon plates (34 in. x 34 in. x din. being a com- 
mon size), sandwiched between two metal 
terminal plates. By means of the handwheel, 
the pressure between the carbon plates can be 
increased or decreased with consequent decrease 
or increase in resistance. 

Commercial Rheostats. The commercial uses 
of rheostats are many, but they are chiefly used 


Resistances are introduced into an electrical 
circuit to control the flow of current in much the 
same way as a stopcock is inserted in a water 
pipe to limit the flow of water. A resistance 
used for this specific purpose is known as a 


Enamelled Resistance 
lire, 


=a Insulation 


L Tin Ul 


2 
Asiaing BF. Brass 


Contact Rod B 


Resistance increased by moving 
b sliding contact from A to B 


j—] 
[=] 


ZA 
eee 
Oo 


S 


Ebonite RERS BS 


serene, 


> 


x 
2 
nates 


zy 
oe 
bese 


iu 
Tes 


Soldered Joints 


Fic. 9. RESISTANCE Units In PLUG Box Fic. 11. POTENTIOMETER TYPE OF RHEOSTAT 


irheostat. Broadly, rheostats may be subdivi- for controlling the current in the various wind- 


ded into two classes, viz.— ings of electrical machinery, and as such may 
(a) Laboratory types. be subdivided into two classes— 
(6) Commercial types. (a) For controlling relatively small currents, 
Laboratory Rheostats.. In carrying out re- and 

search and standardization tests, it is frequently (6) For dealing with heavy currents. 

necessary to control relatively small currents, (a) For Controlling Small Currents. For 


and two well-known types of rheostat are illus- handling currents up to about 5 amp., a sliding 
trated in Figs. 9 and ro. For a very small contact rheostat, such as that illustrated in 
current, not exceeding ;!, amp., useismadeofthe Fig. 11, is frequently used. Resistance wire 
plug resistance box, a small section of one being insulated with a thin enamel coating, is wound 
shown in Fig. 9. It comprises a large num- onan insulating tube, the enamel being removed 
ber of resistance spools, each most carefully 
adjusted to some definite resistance and con- 
nected to substantial terminals on the top of 
the box. By removing or inserting a plug, the 
resistance of any one of the spools can be either 
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Fic. 12. DIAGRAM OF 
Fic. 10. CARBON RHEOSTAT COMMERCIAL RHEOSTAT 


included or “ shorted ” out. These resistances along the length of the coil, so that a sliding 
are wound with high resistance alloy wire, such contact presses on the bare resistance wire. Two 
as Eureka, or one of the other high resistance terminals are provided, one connected to one 
alloys mentioned in Table II. end of the resistance wire, and the other to the 

The carbon rheostat shown in Fig. ro is also guide rod on which the sliding contact is 
used to a great extent for laboratory work, and mounted. This type of rheostat has the advan- 
is capable of handling currents up to 50 amp. tage that the res stance can be adjusted within 
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very fine limits, depending upon the resistance 
per turn of wire on the insulating tube. 

The permissible temperature rise of a rheostat 
as illustrated is of the order of 100° C., but if 
the tube is treated with special insulating 
cement, then a much higher temperature rise 
is practicable. 

A very common form of commercial rheostat 
is of the type shown in Figs. 12 and 13. Open 
coils of bare resistance wire are cemented in an 


Fic. 13. FIELD RHEOSTAT FOR 
SWITCHBOARD MOUNTING 


annular recess, in a block of heat resisting, insu- 
lating material, and brass contact studs mounted 
in the insulating block are connected at various 
points to the resistance wire. A rotatable 
metal contact arm, pivotted at the centre of the 
rheostat and connected to one terminal, makes 
contact with the brass studs. One extremity 
of the resistance wire is connected to the other 
terminal of the rheostat, and the resistance is 
adjusted by rotating the contact arm. 

In smaller sizes of rheostats of this pattern, 
the rotatable contact arm presses on the coils 
of wire, which stand slightly proud of the 
annular recess. 

(b) For Controlling Heavy Currents. For 
dealing with very heavy currents, as in the case 
of large generators, electric crane and traction 
motors, the rheostats are built up from grid 
units of a special grade of cast iron. Fig. 14 
illustrates a typical rheostat of this type. Each 
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grid unit (see Fig. 15) is designed to give as 
great a length as possible, together with a maxi- 
mum cooling surface. This type is very strong 
mechanically, and any desired resistance can be 


Fic. 14. FIELD RHEOSTAT FOR LARGE A.C. 
GENERATOR 


obtained by connecting up the grid units in 
series, in parallel, or in series-parallel grouping. 
Each grid unit is provided with substantial lugs 
for mounting on steel studs, provision being 
made for insulating the latter from the grid 


Fic. 15. Grip TYPE 
RESISTANCE UNIT 


units. Connections are made between the grid 
units and contact studs or segments which are 
either mounted on the rheostat or remote from 
it, so that by moving a rotatable contact arm, 
the resistance may be varied as desired. 
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LESSON VI 
THE STEAM PUMP APPLIED 
THOMAS SAVERY (1650-1715) 


In the village of Shilston, near Modbury, 
Devon, was born, about the year 1650, an 
individual who was destined to play a large 
part in the practical application of steam power. 
Thomas Savery was hisname. Little, however, 


THOMAS SAVERY 


is known of Savery’s earlier life, except that 
he adopted the profession of military engineer, 
and later on in life became a captain of military 
engineers. 

Savery was well versed in the mechanics, 
physics, and chemistry of his day, and it was 
owing to his intimate knowledge of these 
sciences. that he was enabled to advance the 
progress of engineering one step farther. 

Probably the best known of all Savery’s 
inventions is his steam pumping engine, an 
illustration of which is given on this page. In 
its essentials, Savery’s engine worked on similar 


mt ye 


principles to that of Papin, with the one funda- 
mental difference that whereas Papin’s engine 
was a more or less theoretical contrivance 
Savery’s was quite a practical device, and it was 
put to do useful work in raising water from 
Cornish mines. 

Savery’s steam pump worked on the well- 
known principle of raising water to a height by 
means of the expansive power of steam, and 
also on the principle of raising water from a low 
level by means of atmospheric pressure forcing 
the water into a partial vacuum. Steam was 
generated in a boiler of the usual type. It was 
then led into another vessel containing water. 
Some of the steam condensed in this vessel, but 
after the process of condensation had ceased, 
the pressure of the steam drove the water down- 
wards, along the lower pipe, and up a long 
vertical pipe (via a non-return valve) into an 
elevated tank. 

The water being expelled from the condensing 


chamber, the supply of steam was turned off, 


with the result that the steam contained therein 
condensed and created a partial vacuum. The 


SAVERY’S PUMPING ENGINE 


creation of this vacuum caused water from a 
lower level to enter the condensing chamber 
via a non-return valve. Steam was again 
turned on, and the process repeated. 

Later, Savery effected the rapid condensation 
of the steam in the vessel by allowing a spray 
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of water to be admitted from the long vertical 
pipe (seen on the right of the illustration). This 
facilitated the more rapid working of the 
apparatus. 

Such an engine, of course, required the 
constant and skilled care of an attendant, in 
order to perform the task of turning on and off 
the various taps at the right moment. Never- 


theless, despite this tedious series of operations, 
the pump was quite successful in practice. 
Savery also invented a paddle boat worked by 
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human motive power. He devised a machine 
for polishing plate glass, and also various other 
contrivances of minor importance. 

His great triumph was, of course, his steam 
pump or “ fire-engine,’’ as he called it. But 
the sphere of usefulness of devices of this type 
was severely limited, and thus, especially in 
view of the fact that other workers were 
developing steam power in more useful direc- 
tions, Savery’s engine lived only for a short 
time before it was finally discarded altogether. 


By R. G. BATSON AK G, M.Inst.C.E., M.I.MECcH.E. 


LESSON TII 


PROCEDURE IN COMMERCIAL 
TESTING 


TENSILE TESTS 


IF_a bar of mild steel, of unit initial area, is put 
in a testing machine, and a known and gradually 
increasing strain is applied, the corresponding 
loads which are obtained, when plotted, give a 
curve such as is shown in Fig. 7. Up to a 
strain of op,, the load op is proportional to the 
strain, and this load is called the limit of propor- 
tionality (the difference between the limit of 
proportionality and the elastic limit has already 
been explained). 

Upon increase of the strain to oy, there is a 
sudden drop of the:load, and a further increase 
of the strain is obtained without alteration of 
the load. This point is noted in a tensile test 
by the drop of the lever (with a lever testing 
machine) or a backward movement of the 
pointer (on an oil-pressure machine). The load 
oy at which this occurs is called the yield load. 
This yield load should not be confused with the 
elastic limit. Upon continuing the test the 
load increases with increase of strain until a 
maximum value of om is reached at M, after 
which it decreases until failure occurs at B. 

Up to the point M the strain of the bar is 
general along its length, and the reduction of 
area is comparatively small. The ultimate 


strength of the material is taken as the load at 
this point (that is the maximum load) divided 
by the original area. This is the value that is 
required by specifications. Actually, the final 


0 ma b, 
is Extension ; 


Fic. 7. Loap EXTENSION CURVE 


stress in the material is higher than this value, 
and is equal to the final load (ob) divided by the 
actual cross-sectional area at the point at which 
the bar breaks. This value, however, is never 
used in general testing. 
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After the point M is passed the bar draws 
down locally, there is a rapid reduction of 
cross-section and corresponding increase in 
extension, 

With some materials there is no definite 
yield point, the curve (see Fig. 7) continues 
from P to M, as indicated by the dotted line. 


Distance along the Bar after Test, 
i @ OR Gy) oN O 


CM (2a wte Se. 7 8 
Distance along the Bar before Test 


Fic. 8. VARIATION OF EXTENSION 
IN A TEST BAR 


For such materials a proof stress is inserted in 
the specification. A defined intensity of stress 
(specified as the proof stress) is to be applied 
to the material for 15 seconds, and when 


removed must not have produced a permanent - 


f extension of more than 0-5 per cent between the 
_ gauge points. For some light alloys this value 
_ is reduced to 0-15 per cent. 


i Both the percentage extension and percen- 
tage reduction of area at fracture are usually 
recorded. 


If, L = Original gauge length. 

L, = Final length between the gauge 
points after fracture (by holding 
the halves of the broken test 
piece together). 

A = Original area. 

A, = Area at the point of fracture. 

L,-L 


Then the percentage extension = See X I00 
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and the percentage reduction of area at fracture 
= h 


The former is not a con- 


stant for the material. J. Barba observed that 
similar bars deform similarly, it followed there- 
fore that with cylindrical test pieces of the same 
material but of different diameters, the per- 
centage extension was only constant if the ratio 
of the gauge length to the square root of the 
cross-sectional area was constant. 

If a test bar is carefully marked with gauge 
points at definite distances apart (say, I in.), and 
then broken in tension, the distances between 
the points after fracture, when measured and 
plotted against the original distances, will give 
a curve such as that shown in Fig. 8. This curve 
consists of two straight lines joined by an S 
curve. If the line Od is produced to b and 8a 
equals 08, it will be seen that the total extension 
ac consists of two parts, viz., (1) ab, the general 
extension which is proportional to the gauge 
length, (2) bc, the local extension due to the 
drawing out of the material at fracture. Al 
this latter extension is restricted to a small 
part of the gauge length. It follows, therefore, 
that with a bar of a given diameter, the percen- 
tage extension increases as the gauge length 
decreases. The above facts are recognized in 
modern testing practice, and similar test pieces 
are invariably used. Any experimental or test 
work which does not record the basis on which 
the extension is measured is incomplete. 


xX 100. 


i 9" Parallel j 
| k~ 8" Gauge Length a E 
ee ey 


A=15'for plates over 0-875" thick 
B=20"» » 0375"to0-875" thick 
C=25"» » under 0-375" thick 


Fic. 9. PEATE LEST PIECES 


The usual British practice for plate test 
pieces is shown in Fig. 9, and for cylindrical 
pieces in Fig. 10 and Table I. It will be noted 
that, with cylindrical test pieces, the gauge 
length G is approximately equal to four times 
the square root of the cross-sectional area, i.e. 
ma” 


C= pe = 3508 
: 4 


296 ENGINEERING 


In France the standard used is G = 7-2d, and 
in Germany, G = rod. 

The gripping of the ends of the test pieces 
is of more importance than is usually recognized. 
TABLE I 
Dimensions oF CYLINDRICAL Test Bars 
(See Fig. 10) 

Dimensions in inches 


| 5 
a| ee jer] Ss L | 1 D, D 
0'977 | 3°50 |400 5 |8 r5 B.S.W.| 625 8 |125 | 1°75 
0°798 | 3:00 | 3°375 | 4 |65 | 1:25 B.S.W.| 5:25 |65 |ro | 15 
0564 | 2:00 | 2°25 3 | 4:5 | 0°75 B.S.F. | 4°25 | 5°25 | 0°75 | 1°25 
0'358 | 1°25 1°50 2 3 | 050 B.S.W.| — — — — 
0'125 | 0443 | 0°625 | $ |15 o” B.A. — — — — 


The radius y should be as large as is consistent with the other 
dimensions. 
G= the gauge length. 
d= diameter of test bar. 
P= parallel length of test bar. 


Fic. 10. CYLINDRICAL TEST PIECES 
(See Table_I) 


Unless the load is applied axially to theytest 
piece the latter is not only under a simple 
tensile load, but there is also a superimposed 
bending moment. 

The usual method of gripping plate test pieces 


a 


ZA 


WEDGE GRIPS 
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(such as those shown in Fig. 9) is by wedge grips. 
These are quite satisfactory for ductile materials 
where the usual information asked for by in- 
spections tests (yield stress, ultimate stress, 
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and elongation) is required. For non-ductile 
materials and in all cases where laboratory tests 
to determine the limit of proportionality or the 
elastic constants are carried out, axial aligning 
shackles with turned headed test pieces are 
essential. 

All testing machines, made by experts in this 
branch of engineering, are provided with some 
form of axial loading shackles. In some cases 
these consist of spherical seatings with a com- 
paratively large area of contact. With this 
type of shackle, the load required to overcome 
the friction is appreciable, and the size of test 
piece used must be large enough to take a 


SPHERICAL 


Fic, 12. 
SEATING SHACKLE 


considerable percentage of the capacity of the 
testing machine, if accurate results are desired. 

Fig. 11 shows, diagrammatically, the usual 
form of wedge grips. The wedges CC are 
serrated in order to grip the test piece T, and 
bear for the greater part of their length against 
the shackle A, which is attached to the upper or 
lower head of the testing machine. 

In Fig. 12 an example is illustrated of one of 
the best types of spherical seatings. The pull 
of the test piece is taken on a spherical seating A, 
through a tool steel stem B and nut C. The 
stem is screwed to take specimen holders N of 
various sizes. 

For very accurate laboratory work specially 
designed shackles are used, in which the load 
is transmitted through a hardened ball which 
rests on a hardened plate. 
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NOTABLE EVENTS IN ENGINEERING HISTORY 


By E. A. Forwarp, A.R.C.S., M L.MECH.E. 


LESSON IV 
POWER PRODUCTION 


Windmills. It was doubtless on account of the 
inconstancy of the wind that its application to 


industrial uses was delayed. The windmill does - 


Fic. 15. Post WINDMILL 


not appear to have been known in Western 
Europe until the eleventh or twelfth century, 
| AD. when it was of the post form, in which a 

wooden building, supporting the sails and shaft, 
and containing the gearing and millstones, is 
free to turn on a vertical post for the purpose 
of bringing the sails into the wind. The turning 
was performed by hand, by means of a projecting 
pole or tail beam (Fig. 15). 

When greater power was required, the length 
of the sails increased, and the post gave place 
to a more stable tower upon which the top of the 
building, carrying the wind shaft and sails only, 
could rotate on rollers. This improvement is 
believed to be due to Dutch engineers of the 
sixteenth century, who at the same period 
applied a brake to control the mill. The cap 
was at first rotated by a tail beam, but the 

20—(54 32) 


Dutch, carly in the eighteenth century, intro- 
duced for this purpose a hand-operated trundle: 
gearing with a circular rack attached to the 
cap. Their mills also had the sail bars fixed at 
a decreasing angle as they receded from the 
centre, whereas the sixteenth century mills had 
aconstant angle. About 1750, however, Andrew 
Meikle invented the “fantail” gear for auto- 
matically keeping the head of the mill to the 
wind. In this a small windmill, placed at the- 
back of the cap and at right angles to the main: 
sails, is geared, with a large reduction, to a 
circular rack fixed outside the top of the 
tower. 

Smeaton devoted much attention to the 
improvement of windmills and, in 1759, carried 
out investigations as to the speed, proportions, 
and angles of sails. 

With plain sails, regulation according to the 
strength of the wind could only -be made by 
reducing the cloth area while the mill was 
stopped, but about 1772, Meikle invented an 
arrangement of spring-controlled pivoted sail 
sections, which rotated, and so automatically 


GG. Ww 
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Fic. 16. NEWCOMEN ATMOSPHERIC ENGINE 
(1712) 
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reduced their normal area, as the strength of the 
wind increased. 

In recent years, a smaller and lighter type of 
mill has come into use, particuarly for raising 
water. In this the place of the sails is taken by 
a disc made up of a number of narrow vanes. 
This is mounted on a light steel or wooden 
tower, and the pump or other machine is driven 
directly from the axis of the disc. Besides 
automatic devices for turning them into the 


TELI 


By permission of 
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wind, these mills have self-regulating vanes to 
enabie them to withstand a gale without any 
attention. 

The Steam-engine. Since the discovery of 
fire, fuel had been burnt for many purposes, 
and when air or liquids were heated in closed 
vessels it was known that striking effects could 
be obtained, such as are recorded, about A.D. 50, 
by Hero of Alexandria, who also described the 
“ Aeolipile ” or reaction steam-engine. Pro- 
posals for using high pressure steam are met 
with up to the middle of the seventeenth cen- 
tury, but the studies of Galileo and Torricelli 
showing that the atmosphere possessed weight, 
led, in 1654, to the air pump of Von Guericke, 


the Director of the Science Museum 


WATT’S PUMPING ENGINE, 1777 
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and to the realization that if a vacuum could be 
formed below a piston in a cylinder, then the 
pressure of the atmosphere could be made to 
perform mechanical work. 

Papin, in 1690, demonstrated the suitability 
of steam for producing the vacuum, but the 
idea of raising water by the direct pressure of 
steam upon its surface was carried to fruition by 
Thomas Savery, in 1698, with an apparatus com- 
bining both these principles. Savery erected 
several of these “fire en- 
gines ” for raising water, 
but their range was limi- 
ted by the materials and 
mechanical skill of the 
time. 

A step of the highest 
importance was made by 
Thomas Newcomen who, 
by 1712, perfected the 
“ atmospheric ” engine 
which is the progenitor 
of the modern steam- 
engine (Fig. 16). New- 
comen adopted the cylin- 
der and piston, with a 
separate vessel in which 
to generate steam, and 
formed his vacuum by 
injecting cold water into 
the cylinder. He connec- 
ted the piston rod by a 
chain to one end of a 
lever on the other end of 
which the pump rods 
were hung. Finally, he 
provided a valve gear 
which enabled the engine 
to repeat its movements 
automatically. This en- 
gine required no pressure higher than that of 
the atmosphere, hence its construction was 
within the capabilities of the mechanics of the 
period.. It was at once adopted for mine drain- 
age, which was then becoming a serious problem, 
and it remained for over sixty years the only 
economical and powerful agent for this 
purpose. 

In 1763-4, James Watt, while engaged in the 
repair of a working model of a Newcomen 
engine, found the consumption of steam very 
high, and his experiments showed that the 
chief waste was due to the cooling of the cylinder 
by the condensing water. This led, in 1765, to 
his invention of the separate condenser, an 
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improvement which at once halved the fuel con- 
sumption of the engine. He next devised the 
air pump to clear the condenser of both air and 
water, closed in the top of the cylinder and 
jacketed it with boiler steam. After some years 
of experimenting, he joined Matthew Boulton at 
Birmingham, in 1775, and’ was only then able 
to bring his single-acting beam pumping engine 
into public use (Fig. 17), its first extensive field 
being in the Cornish mines, where coal economy 
was of the first importance. The saving result- 
ing from the expansion of the steam in the 
cylinder was discovered by Watt in 1769, and 
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carried out in 1776. The next step was to 
employ the engine for obtaining rotatory motion, 
but Watt, being forestalled in the application 
of the crank, devised the “sun and planet ” 
gear for driving his shafts. The engine was then 
made double-acting, but this involved a rigid 
connection between the piston rod and beam, a 
need satisfied by the parallel motion of 1784 
(Fig. 18—Frontispiece). The engine now entered 
a much wider field of employment, and may be 
said to have been largely responsible for the 
enormous development of industry and transport 
which was a feature of the nineteenth century. 
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Gro. W. Birp, WH.Ex., B.Sc., A.M.I.Mecu.E., A.M.I.E.E. 


LESSON VII 


WE concluded our last lesson with the theory 
of the close coiled spring, and a few examples 
will be useful here to show the application of 
our theory. 

Example. A close coiled helical spring to 
carry a tensile load is to be made of {5 in. 
diameter steel wire. The unloaded axial length 
of the spring is to be 5 in., and the spring is to 
extend rin. per 40 lb. of axial load. Find the 
mean diameter of the coil, and the shear stress 
in the wire when carrying an axial load of 
HO ly aN == 2 >< 0? Ibs per sq, m. 

Referring to Lesson VI we find the expression 

64W Rèn 
= t Za 5 5 TREA) 
where A = compression or extension of spring 


W = load on spring 

R = mean radius of coil 
n = number of coils 

d = diameter of wire 


Axial length of spring 
diameter of wire 


Be ine Es 


The number of coils = 


and on substituting n = 16 in (1) we get 
64 X 40 x RS x 16 X 256 X 256 
12,000,000 X 625 


rin, = 


*, R= 1-409 in., or mean diameter of coil 
2-818 in. 


Stress in the wire. 


The twisting moment is W x R = = fa} 


i I16WR 16 X 40 X I'409 X I6 X 256 
Wi ope m X 125 


fs = 9404 Ib. per sq. in. 


EXAMPLE. The material of a close coiled 
helical spring is subjected to a maximum shear 
stress of 15,000 lb. per sq. in. Find the work 
stored in the spring per cubic inch of metal. 
N = 12 x 10° |b. per sq. in. 


64W R? 
Expression (1) gives A = aia - L 
W 64W? x Rèn 
and work stored = AX > =— Dnjqa_ (3) 


z 
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also the volume of metal in the spring 


_ čr 


PIR : EA) 


*. work stored by the spring per cubic inch of 


metal = (4) 
64W? Rèn X 4 
— 2Nd* x da X ankn (5) 
T 

— 3 

but WR = 6 fad 

af 2a® 
' WR 162 ; , 4G) 


Substituting (6) in (5) we get work stored 
per cubic inch 
64r?f 2d Rn4 
= 16 X 16 X 2 Ndi X r X 2m Rn 
2 
which reduces to L (7); an expression for 


the resilience of a close coiled helical spring of 
round wire, and this should be remembered. 

Substituting our values in (7) we have 
I5,000 X 15,000 
4 X 12,000,000 
„ = 46875 in.-lb. 


Resilience per cubic inch = 
” a? 


BEAMS 


A member of a structure or machine acted 
upon by a load or loads whose lines of action 
are inclined to the length of the member is 
termed a beam. Most beams are placed hori- 
zontally and loaded vertically, but circumstances 
cause others to be placed either vertically or 
in some inclined position and loaded obliquely 
to the longitudinal axis. For example, a tele- 
graph post is a beam placed vertically in the 
ground, and loaded by the horizontal or nearly 
horizontal pull of the wires attached to the top. 
A masonry dam for a reservoir and an earth 
retaining wall for an embankment are further 
examples of beams fixed to the foundations, and 
loaded by the water thrust and the earth thrust 
respectively. In any case, whatever, we take 
the beam as being subject to the transverse 
components of the beam loads and, remembering 
this, we can treat all our cases as horizontally 
placed beams acted upon by vertical loads. 


CONDITIONS OF EQUILIBRIUM 


A body acted upon by a number of forces is 
in equilibrium provided that two conditions are 
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satisfied. These conditions are : (1) the algebraic 
sum of the forces must be zero, and (2) the algebraic 
sum of the moments must be zero. 

In the light of (1) and (2), let us consider the 
equilibrium of the beam in Fig. 27 to the right 
of section plane AA. This part of the beam is 
in equilibrium under the action of the upward 
reaction R and the two downward loads W, and 
W,, together with the force or resistance which 
the beam itself offers to fracture by shearing 
at the section AA. Hence the equation of 
equilibrium of forces is 

R- (W, + W,) = the shearing force on sec- 
tion AA. 

Now let us consider the moments about 
section A A, of all the forces to the right of this 
section. 

The tendency of Ris to produce anti-clockwise 
rotation about AA, and this tendency or moment 


< AN | lR 
i 1 
Hr 


BiG. 27 


is equal to R X x, whilst the tendency of both 
W, and W, is to produce clockwise rotation, 
the moments being W,x, and W,x, respectively. 
Now, the beam itself offers a resisting moment 
to the bending action resulting from the applied 
forces, and this moment is equal to the algebraic 
sum of the moments of the applied forces R, 
W,, and W,; hence we may write— 
Bending moment on section AA 

= R X's- (Wy, + Wafa). 

We are now in a position to calculate the 
S.F. (shearing force) and the B.M. (bending 
moment) on any section of the beam, and to 
draw the S.F. and B.M. diagrams. 

Nore. When determining the S.F. or the 
B.M. at any section of a beam, the reader will 
simplify the work and avoid confusing himself 
if he will use a shield—a sheet of paper will 
serve—to cover from his view all that is on one 
side of the section considered. 


STANDARD CASES 
There are four standard cases with which at 
present we are competent to deal. 
Case 1. Cantilever loaded at the free end. 
S.F. DIAGRAM 
Consider the forces acting on a section AA 
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distant x from W as shown in Fig. 28. There 

is but one force, viz., W acting downwards, 
e A id 

: A me] 

E —_|{W 


B.M. 
Y 
Fic. 28 


and hence the upward reaction of the part. of 
the beam to the left of AA on the part of the 
beam to the right of AA must equal W. This 
is seen to be independent of x, and hence the 
S.F. is constant and equal to W throughout 
the length of the beam. The S.F. diagram is a 
rectangle of depth W. 


B.M. DIAGRAM 


The B.M. at section AA is the moment of 
W about AA, and equals Wx. 
moment becomes greater as x increases, and 
reaches its maximum value at the section 
where the beam enters the wall, that is, where 
%. =I. The BM. is now Wi. The BM. dia- 
gram is a triangle as shown. 

Case 2. Cantilever carrying a load uniformly 
distributed. (Fig. 29.) 

If w is the load per unit length of beam and 
lis the length, then the total load W = wl. 


S.F. DIAGRAM 


The S.F. at section AA =the algebraic 
sum of the loads to the right (say) of this 
section = wx. This increases uniformly and 
reaches a maximum value wl = W, at the sec- 
tion where the beam enters the wall. The S.F. 
diagram is a triangle as shown. 


Now this 
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B.M. DIAGRAM 


The B.M. at section AA is that due to the 
load wx, and as this is uniformly distributed 
over the length x, we may suppose it to act at 


% 
the average distance of > from AA. Hence, 


x wx 


the B.M. at section AA = wx X Be. at 


Taking a series of values of x and calculating 
the B.M. for each, we can plot these and obtain 


l 
A;  wper unit length 
A = CS 


| 
S.F. Diagram! 
en 


B.M.Diagram 


Wi 


FIG. 29 


the diagram as shown, the curve being a 


parabola. 
EXERCISES 


I1. Determine the number of coils required for a 
close coiled spring whose mean diameter is 4} in. 
The spring is wound of ŝin. diameter wire, and the 
stiffness is to be 80lb. per in. of extension or com- 
pression. Take N = 12 X 10° lb. per sq. in. 

2. A close coiled helical spring of mean coil diameter 
3in., and diameter of wire in. is composed of 12 
free coils. Determine the compression which would 
be produced by a load of 30 lb. applied axially. Find 
also the store of strain energy and the maximum shear 
stress in the wire when carrying this 30 1b. load. Assume 
N = 12 X 108 lb. per sq. in. 

3. Calculate the external and internal diameters of 
a hollow shaft which is to transmit 14,000 h.p. at 
2151.p.m. The maximum shear stress is not to exceed 
12,000 lb. per sq.in., and the internal diameter is to 
be 3 of the external diameter. 
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By W. G. BıcKrey, M.Sc. 
Lecturer in Mathematics, Battersea Polytechnic 


LESSON VII 
SIMPLE EQUATIONS 


IT is required to find the dimensions of a column 
section as in Fig. 7. Outside it is square, the 
sides are to be Iin. and 3 in. thick as shown. 
The total area of the section is to be 144 sq. in. 

We must first make up a formula for the 
area using a letter, say, s, for the length of the 


outside edge. Dividing the area into four 
rectangles, we get the areas— 


Top and bottom 2 x s x 3 = 6s sq. in. 
Sides 2 X (s—6) X I = 2(s—6) sq. in. 


(The length of one of the side rectangles is (s — 6) in. 
i.e. 3 in. off each end, or 6 in. in all.) 


Total area 6s + 2(s — 6) sq. in. 


Using the value of the area we are given, we 
have— 


6s + 2(s—6) = 144 ; ' ART) 


an equation from which we must find the value 
of s. 


Removing brackets, 6s + 2s — 12 = 144 (2) 
Collecting terms, Ss 12 = TAA (8) 


In words, we can say, “ 144 is 12 less than 


8s.” What is 8s? Evidently “ 12 more than 
144.” Thus— 
8s = 144 + I2 = 156 - (4) 
TE, 156 : 
Dividing, s= -5 =195in, . eet) 


There are two main stages in the above. The 
first to construct an equation using the things 


we are told (line (1) ); the second the finding 
of the value of s which makes the equation (1) 
true. The latter process is called solving the 
equation. In the course of this we had a new 
thing to do in the passage from (3) to (4)— 
everything else we have done before. In this, 
the 12 seems to have disappeared from one side 
of the = and reappeared on the other—but 
with its sign changed. The following few 
examples should make it clear that we can 
always take a term from one side of an equation 
to the other tf we change tts sign. 


(a) 4s + 6 = 30 


“ 30 is 6 more than 4s ”—so “ 4s is 6 less than 


BO) Hades 
48 = 30-6 = 24 


and so s= 6. 


(0), 12 = 2% = 6 
“ 6 is 2x less than 12 ”—“ 12 is 2x more than 6 ”’ 
12 = 6 F 2% 


or, as before, 
12-6 = 2x, ile. 2% = 6, and += 3. 
Quicker, taking the 12 across and changing its 
sign, 
-2% = 6-12 = -6 
DEO and so x = 3. 
(e) 5-14 = 2p + 4. 
Transposing 14 
Sb = 2p+4+ g 2 8 
“ 5p is 2p more than I18”—so “18 is 2p less 
than 5%,” 


5p -2% = 18 
Collecting terms 
3p = 18, so p = 6. 


Quicker, doing both the transpositions at 
once— 


5p- 14 = 2p + 4 
5p -2b = 14 +4 
3p = 18 
p=6. 
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(d) A longer example, from the beginning. 


4x + 3(%— 2) — 2(% — 5) = 5(3- x) + 14 
4% + 34-60-26 + IO = 15-5% + 14 
(clearing of brackets) 


4% + 3%-2% + 5% = 15 + I4 + 6- IO 


(transposing) 
TO% == 25 
x= 25. 


EXERCISE No. 11 
1. Find the weights of the girders with sections 
shown in Figs. 8 and 9. In Fig. 8, the plates are in. 
thick, and the length is 10 ft. In Fig. 9, the thickness 


zore eS (eae 2 mina 
E + 
X ; 
5 7s" 
j i i 
oy 4. 
3 
Fic. 8 Fic. 9 
is in. and the length 20 ft. Weight of steel, 480 1b./ 
cub. ft. 
2. Express in factors— 
TD? eE DR a D E Wx? 
6 Chic ee A 2 


3.1Solve the equations— 

(a) 3% + 15 = 24. 

(b) 28—2n = 20. 

(c) 2 = 260 - 4P. 

(d) 2(%.+ 5) = 16. 

(OQ) Bio sy Os) ass, 

(f) 6(¢-3) —5(4-29) =3(39-1)—=7- .. 
4. A girder of section similar to Fig. 8 is to have 
its depth twice its breadth, and is to be made of plates 
tin. thick. Find its depth and breadth if the area of 
section is to be 22 sq. in. 


Suppose we had to find the dimensions of the 
section shown in Fig. 7, if the thicknesses were 
to be Sin. and r} in. instead of 1 in. and 3 in. 
We should have, with s for the. side of the 
outside square, 


s 
Top and bottom 2 X s X I} = = sq. In. 


5(2s — 5) 


Sides 2 x (s—24) x $= 8 sq. in. 


(In the latter, s-2 = 


the 2’s cancel.) 
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Now, if the area is to be 60 sq. in. this time, 
our equation becomes— 


Sie, S D) 


ate 8 == 1005 


What are we to do to get rid of these fractions? 
Now it must be clear that if we multiply every- 
thing by the same number, the equation will 
still hold. If we choose our number so that 
each denominator (2 and 8) will divide it 
exactly, we shall clear of fractions. In our 
case, 8 is the least common multiple of 2 and 
8 (it is better to use the least as it keeps the 
numbers smaller, but any common multiple of 


the denominators will do). Then 8 X z = 


20s, and 8 x ae 5) 


= 5(2s — 5), so 


20s + 5(2s—5) = 8 X60 = 480 
20s + 10s — 25 = 480 

30S = 480 + 25 = 505 

— 395 

30 

The important step in the above is the one 
in which we cleared of fractions ; the rule is— 

To clear an equation of fractions, multiply 
throughout by a common multiple of the denom- 
inators. 

Reconsider the cross-multiplication rule you 
have already used, and see that it is really an 
instance of this more general rule, and that the 
result is the same as if you multiplied by the 
product of the two denominators. 

A few more instances— 

(2) 3(3%-5)  5(2% + 1) 

4 Ban apes 

The L.C.M. of 4 and 6 is 12; multiplying the 
first by 12, the 4 will go into the 12 three times, 
and the result will be 3 x 3(3%—5), or 9(3% + 
5) ; multiplying the second by 12, the 6 will go 
2 times, giving 2 X 5(2x + I), or ro(2% + 1); 
12 X 3 = 36, so, 


Multiplying by 12, 9(3¥—5) - ro(2x + 1) = 36 
Clearing of brackets, 27% — 45 — 20% — 10 = 36 


Multiplying by 8, 
Clearing of brackets, 
Transposing, etc., 


So Ss = 16% in. 


Transposing, 27% — 20% = 36 + 45 + I0 
Collecting, 7% = OL 
Whence, 2g es AES 


() Ae + 2) + He-2) = de + 47. 
L.C.M. of 4, 5, and 2 is 20, so— 


Multiply by 20, 15(% + 2) + 4(x- 2) = 10% + 94 
Clearing of brackets, 15% + 30 + 4%- 8 = 10% + 94 


Transposing, 154% + 4” — Lox = 94-30 + 8 
Collecting, on = 72 
Whence, y = 8. 


wW 
CET es find wifh = } W, = 36, 
g = 32, and p= 25. 

Inserting the known numbers, 
| _ 32(36 + w) 
625 


(It is more usual to write numbers in front of brackets 
or letters ; the order of the terms in a product does not 
matter, hence the position of 32(g) and 625(p7) in this.) 


The L.C.M. is 4 x 625w; multiplying by 
this we have 625w = 4 x 32(36 + w) 
or 625w = 4608 + 128w 


Le. 497w = 4608, w = ‘407 


We may also work this by first obtaining a 
formula for w. To do this we have to carry 
out the same steps with the letters as we have 


done with the numbers above. Thus— 
An (W + w)g 


wp? 
hwp? = (W + w)g (A) 
hwp? = Wg + wg 
hwp?— wg = Wg 
NGA —g) = We 
(This corresponds to the subtraction of 128 
from 625 above.) 


Multiplying by w#?, 
Clearing of brackets, 
Transposing, 
Factorizing, 


Whence 
T Sek 
__ (hp? — 8) 


Substituting the numbers now, we arrive at 
the same result as before. 

If we had to find W in the above, it would be 
simpler to go slightly differently, since the W 
occurs once only. For the formula, start from 
(A) above, and divide by g, leaving the bracket 
(and the brackets can now be removed) only on 


the right, i.e. 
wp? = (W + w)g (A) 


Dividing, oe =W+w 
, ont 
Transposing, ad -w = W 
fo} 


or, if we factorize, and put the W we seek on the 
left-hand side, 


w=w(“ -1) 


and we can now find W for any values of w, p, 
h, and g. 
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(d) A ring is to have an area of 2 sq. in., and 
the inner diameter is to be 3in. Find the outer 


diameter. 
Calling the diameters D and d, and the area A, 
7 
ASR 
q D-a) 
T 
i.e. = (DE = 
1.e 2 4 ( 9) 
Multiply by 4, 4 X 2=7(D?-9) 
8 
Divide by ~v, 7 DN 
oe 8 
Transposing, ako = D2 


8 
Working out the value of z (it is 2546) we 


have D? = 2-546 + 9 = 11:546. 
Taking the square root, D = 3:398 in. 


EXERCISE No. 12 


1. Solve the equations— 


(a) See = 94. 
3 4 5 
B Z I EM 
fey Tis ca E 
3 4 6 
(a) 3(¥ + 5) TEE A) prams ate) 
5 8 
4_ q4 
2 r = T122) find D when d = 6, I = 64. 
S a 2) find ¢ when C = 1000, D = 50 
P= T80. 
4. v= os find (a) y when v = 18, R = 8:5; 


(b) R when v = 5,7 = 6. 


20,000 
400 + 72 


ALGEBRAIC MULTIPLICATION 


In our dealings with formulae and equations, 
we have had to multiply an expression in 
brackets by another. Cases will arise when we 
want the product of two or more such expres- 
sions. For instance, if we want a formula for 
the area of the inner rectangle in Fig. 7, its 
length is (s—2)in., and its breadth is (S= 
6) in. So its area is (s—2)(s—6)sq.in. To 
remove the brackets, we must multiply every- 
thing in the second bracket by everything in 


5. W = ; find 7 when W = 25. 
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the first. Now s Xx s = s; s X (-6) = — ôs 
(2) xX s=-2s; (+2) x (6)=+ 12; so— 
(s— 2)(s - 6) = s?-6s— 2s + 12 
= $? — 8s + 12. 
_ Simple cases like this can be done mentally, 
writing down the terms of the answer one by 
one, and collecting afterwards. Similarly— 
(2n + 3)(3n- 4) = 6n? —8n + gn- 12 
= bn? + n — I2 
(a — 2b) (2a + b) = 2a? + ab- qab — 2b 
= 2a — 3ab — 2b". 


It is, however, possible to put down the work 
in a manner similar to that of arithmetical 
multiplication. Put the things to be multi- 
plied under one another ; multiply the top by 
the terms of the bottom in order, and write 
like terms of the product under one another ; 
than add to get the final answer. In this way 
the second and third examples will appear— 


an + 3 
3th 4 è 
6n? + gn (top line x 3n) 
ien — 12 (top line X= 4) 
6n? + n --12 (adding) 
a— 2b 
2a+ b 
24? — 4ab (top line x 2a) 
ab—2b? (top line x b) 
2a2— 3ab-—2b? (adding) 


As a longer example we will find the product 
of (2x2 = 3% + 5) and (3x? + x= 4). 


2x" — 3% + 5 
3% + *-4 
6x4 — gx + 15%? top line x 3x?) 


( 
3x2 F 5% (top line x x) 
-8x2 + 12% — 20 (top line x — 4) 
6x4— 7x8 + 4% + 17% - 20 (adding) 


2x3 = 


There are a few results which are so important 
that they should be known. 


I. (a+b)? = (a +b (a + b) = a + ab + ab 
+ 0? = a? + 2ab + b’. 
2. (a-b)? = (a-b (a-b) = a -ab-ab + b? 


= a? — 2ab + b?. 
3. (a +b) (a-b) = a° -ab + ab + b? 
= a?—p?, 
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ALGEBRAIC DIVISION 


Division is carried out along the lines of long 
division in arithmetic. Care is required in 
dealing with the signs in the subtractions ; 
“change sign and proceed as in addition.” 
We give a few examples with explanations— 


I. 2% +3) 6x? + 17% + 12 (3% + 4 
6x7 H 9% : 
8% -+ I2 
8% = I2 


(6x2 + 2x = 3x; write 3% in answer ; multi- 
ply the divisor by 3x, put the result (6x? + 9%) 
under the dividend and subtract, leaving 8% 
(17% — 9% = 8x) ; bring down the 12 ; 8x — 2% 
= 4; write 4 in the answer, multiply the 
divisor by 4, and subtract. There is no remain- 
der.) 
The full answer is 3% + 4. 
2. 
2x? — 3% — 8) 6x3 — 19%? gx + 45 (3x -5 
6x2 — 9%? — 24% 
— 10%? + 15% + 45 
— 10%? + 15% + 40 
5 
multiply divisor by 3% and 


(— 10x?) + 2% = 5; 
remainder 


(6x8 — 2x? = 3% ; 
subtract ; bring down 45 ; 
multiply divisor by 5 and subtract ; 


The answer is 3% — 5 with a remainder 5. 


EXERCISE No. I 
Find the values of— : 
. (% + 1) (r + 2). 
(a 4b) (3a + 2b). 
. (a2 + ab + b?) (a? -ab + b’). 
(x — 3xy + 47?) (57? — 849 — 39°): 


O ON DnR NH 


ANSWERS TO EXERCISES 9 AND IO. 


(9) 
I. 0°39 in., 0-69 in., and 1-08 in. (approx.). 
2. 3:264 ft., 0-204 ft. = 2'448 in. 
3. 0°5695 ft., 1-18 ft. 


(x0) 
1. (a) 21721; (b) 1-690; (c) 01894; (d) 0:7055 
(e) oœ7027 ; (f) 1:606; (8) 3:606; (h) 08686. 
2. Constant = 475°0; I102'1, 49°9, 31-16, 15°91. 
3. 04521; 0:4747; 0°4944- 
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By ARNOLD Rimmer, B.Enc. 


LESSON V 
PRINCIPLES OF ACTION—(conid.) 


COMPRESSION 


THE gas and air flowing past the admission 
valve tend to become well mixed, and this effect 
is intensified by the compression of the charge. 
The molecules of the latter are already in rapid 
motion, and this is increased with the rise of 
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temperature caused by compression. The mole- 
cules are thus brought into more intimate con- 
tact and, after ignition, the flame spreads more 
rapidly than it would in the case of an uncom- 
pressed mixture. 

In the early engines in which an ignition 
“slide” was used, the maximum compression 
pressure was limited to about 30 Ib.-sq. in. 
Later came hot tube and then electric ignition, 
and with these there was a steady increase in 
the compression ratio employed. “The average 
compression pressure used to-day is about 
100 lb.-sq. in. (i.e. a compression ratio of about 
4:1) and in certain cases it may approach 
180 lb.-sq. in. A limit is imposed in every case 
by the fact that the highest temperature pro- 
duced by compression must not exceed that of 
the spontaneous ignition of the mixture. This 
will depend mainly on the relative amount of 
hydrogen present. Thus, with town’s gas 
(which may contain nearly 50 per cent hydrogen) 
the compression pressure should not exceed 
120 Ib.-sq. in., while for producer gas (in which 
_ the proportion of hydrogen is about 20 per cent) 

higher pressures may be attained with safety 
(subject, in both cases, to the correct propor- 
tion of air being supplied and adequate cooling 
and “scavenging ’’ arrangements made). 


The theoretical diagram of the compression 
curve is shown in Fig. 13. 

The “law ” of this curve connecting pressure 
and volume is of the form PV” = constant. 
Theoretically, the curve should be an “ adia- 
batic,”’ and if the“ working fluid ” was air, then 
n =1-4. In practice it is found that the value 
of n varies from 1-28 to 1-35. A good average 
value is m = 1:33. 

As already stated, the mixture at the begin- 
ning of the compression stroke should be at 
atmospheric pressure. Any conditions which 
cause the actual pressure to be below this will 
therefore also affect the efficiency of the com- 
pression. The latter is also obviously depen- 
dent on the possibility of leakage past pistons or 
valves being reduced to a minimum. 


EXPLOSION AND EXPANSION 


The mixture of gas and air drawn into the 
cylinder on the induction stroke has had its 
pressure and temperature increased during the 
compression stroke, and it is now ignited. The 
various methods of effecting this will be con- 
sidered separately, but the result, of course, is 
a great development of pressure and tempera- 
ture taking place practically instantaneously, 
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and then a gradual fall in the same as the 
burning gases expand and force out the piston 
on its “ working stroke.” 

Theoretically, the ignition should take place 
at the instant the piston is at the end of its 
stroke but, in practice, it takes an appreciable 
though comparatively short time for the flame 
to spread through the mixture. Hence it is 


> 
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necessary for the charge to be fired a little 
before the inner dead centre position of the 
piston in order that the maximum pressure 
development may synchronize, as far as possible, 
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with the instantaneously stationary position of 
the piston. The exact moment of ignition will 
therefore depend on the design of the engine, 
the strength of the mixture, the piston speed, 
the type of ignition, etc., and so it is usual, 
in all but the smallest engines, to provide means 
of adjustment to obtain correct ignition timing 
when running, and also to facilitate starting of 
the engine. 

Back-firing and Pre-ignition. Two terms 
which are used a great deal in connection with 


this part of the subject are “ back-firing ” and 
300 ro 
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‘ pre-ignition,” and the two should not be con- 
fused. 

Back-firing is the noise caused by the combus- 
tion of mixtures during the suction stroke. 
Thus, a weak mixture may continue burning 
during the following exhaust stroke, and this 
is intensified by the fresh mixture starting to 
flow in, with the result that the latter is ignited 
and the flame flashes back through the open 
admission valve. 

Pre-ignition is the noise caused by the com- 
bustion of mixtures on the compression stroke. 
It is of a thumping nature and tends, of course, 
to reverse the direction of rotation, and so sets 
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up undue stresses and strains in the whole 
engine. The following are some of the possible 
causes of pre-ignition— 

(a) Faulty ignition gear. 

(b) “ Hot spots,” i.e. sharp corners or rough 
places on cylinder walls which absorb heat and 
tend to become incandescent. Similar action 
takes place when pieces of carbon, due to dust 
or grit in the gas or over-lubrication, are 
deposited and not swept out on the exhaust 
stroke. 

(c) The retention of hot gases from the pre- 
vious cycle in pockets, ledges, etc., the mixture 
coming in contact with the same while it is 
being compressed. The hole provided for the 
indicator connection is a frequent source of this 
trouble unless it is fitted with a proper plug. 
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(d) Excessive compression pressure or tem- 
perature. An engine changed over from pro- 
ducer gas to town’s gas would probably soon 
“ pre-ignite,” because the compression-ratio 
required in the former case would be too high 
for town’s gas, owing to the greater percentage 
of hydrogen in the latter. An overloaded 
engine tends to become excessively hot, and the 
temperature of spontaneous ignition of the mix- 
ture may be reached before the end of the com- 
pression stroke. 

The actual explosion line of the indicator 
card may tend to slope forward slightly (Fig. 
14), owing to the time taken for the combustion 
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to spread throughout the mixture, though it 
becomes practically vertical if the ignition is 
sufficiently advanced (Fig. 15). The effect of 
late ignition is shown in Fig. 16, the normal 
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diagram being shown by dotted lines, while in 
the case of pre-ignition a loop may be formed in 
the indicator diagram (Fig. 17). 


EXHAUST 


When the piston has travelled about three- 
quarters of the expansion stroke the exhaust 
valve is opened, and the products of combus- 
tion are allowed to flow out of the cylinder. The 
pressure existing in the latter at this moment 
is at least 40 to 501b.-sq.in., and a certain 
amount of power is required to open the valve 
against this pressure and that of the springs 
necessary to keep it closed during the other 
portions of the cycle. On the other hand, 
opening the valve at this instant allows the 


ZZ 
SAG 


Z 

Ss 
N 
AaS 


í| 
NN h 


SS 


~ 
A 


\e 


(SLA fff Lb ttle 


ZSSS, 


OLR 
SSSSSSSSSSSSSSSSSSSSS 


H 
4 
y 


» BN 


Y 


ENGINEERING EDUCATOR 


of their engines. Fig. 19 shows in diagram- 
matic form one arrangement of the same. The 
piston is of the differential type, and on the 
suction stroke the air drawn in from the 
muffler through the light lift valves L, divides 
up, part going to the motor cylinder M via the 
passage P and the admission valve casing 
(where it mixes with gas entering via the annular 
gas valve G), and the rest entering the enlarged 
cylinder A via the port R. Owing to the com- 

paratively large volume of the passage P, — 
etc., the pressure of the air in the same during 
the compression stroke only rises to about 
51b.-sq.in. It re-expands on the next out- 
stroke of the piston, and is again compressed 
during the exhaust stroke of the motor piston. 
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pressure to fall to that of the atmosphere, or even 
below it, by the end of the expansion stroke, 
unless the connections are unduly restricted. 
Scavenging. The momentum of the gases 
may be so great as to cause an appreciable 
vacuum in the cylinder during the latter part 
of the exhaust stroke, and advantage may be 
taken of this to effect “ scavenging,” i.e. clear- 
ing out the products of combustion from the 
cylinder and leaving the clearance space filled 
with air only. Opening the air valve while the 
pressure in the cylinder is below that of the 
atmosphere causes the air to rush in, and so 
tend to sweep out the remainder of the burnt 
gases into the exhaust pipe (Fig. 18). By 
making the exhaust pipe very long (about 
65 ft.) it is possible to take advantage of the 
inertia of the exhaust gases, after they have 
left the engine, to increase the scavenging 
effect. At the same time-there is an element 
of uncertainty in this action, and many years 
ago the Premier Gas Engine Co., Ltd., adopted a 
“ positive ” scavenging arrangement on certain 


Hence, when the admission valve opens near 
the end of this stroke the air rushes in and 
sweeps out all the remaining products of com- 
bustion through the open exhaust valve. The 
supply is maintained by the continued movement 
of the piston, so that when the exhaust valve 
closes the clearance space is filled with pure 
and comparatively cool air. 

Modern practice in horizontal engines seems 
to favour the placing of the inlet valve vertically 
over the exhaust valve, and by giving the inlet 
valve a‘‘lead’’ over the gas valve the first portion 
of the fresh charge consists of air only, which 
tends to “ short circuit ” across to the exhaust 
valve through which the burnt gases are passing. 
This helps to effect their exit and incidentally to 
cool the valve and cylinder end. Then the 
exhaust valve closes, and at about the same 
moment the gas valve opens and so none of the 
actual “ fuel” is wasted. Thus, this disposi- 
tion of the valves, without the necessity of any 
form of pump, ensures a certain amount of 
scavenging effect. 
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THE THEORY OF HEAT ENGINES 


By E B. Core, B.Sc: 


LESSON VI 
THE PROPERTIES OF STEAM 


So far we have been dealing with heat engines 
functioning by means of perfect gases, and the 
properties of the latter. Now we will turn to 
a liquid and its vapour as the working substance, 
and will consider the most common of all, 
namely, water and “ steam.” 

The student is asked to refer back to the 
general remarks of Lessons I and II concerning 
liquids and evaporation, from which it may be 
realized that a vapour—and here we are con- 
sidering steam—has certain definite properties 
of pressure temperature and volume which are 
related to one another, e.g. the temperature at 
which steam is formed depends on the pressure, 
and the volume occupied by the steam so 
formed at this pressure and corresponding 
temperature is a certain definite amount. -` 

No simple laws connect these relationships, 
but they have been determined by various 
investigators whose results have been co-ordin- 
ated into a series of tables, known as Steam 
Tables,! which are invaluable to engineers. 

All the information in these tables refers to 
Ilb. of “ water-stuff,” so let us consider the 
generation of steam under constant pressure by 
imagining as before, a cylinder to contain I lb. 
of water, upon the surface of which rests a 
perfectly fitting frictionless piston under a con- 
stant external pressure. 

As a concrete example, suppose that this 
pressure is 200 lb. per sq. in. absolute. 

Now in all calculations involving pressure 
measurements we must work with absolute 
pressures, i.e. pressures are measured from a 
datum of olb. per sq.in. The pressure of the 
atmosphere may be taken as 14-7 Ib. per sq. in. 
approximately. But all pressure gauges are 
surrounded by the atmosphere and will, there- 
fore, record pressures above or below atmospheric 
pressure, according as they are designed, Le. 
the zero reading on a gauge corresponds to 
atmospheric pressure on the absolute scale. 

Thus a pressure of 185-3 lb. per sq. in. gauge 

1 Steam tables have been compiled by Messrs. 


Marks and Davis, and more recently by Prof. Callendar. 
Values recorded here are taken from Marks and Davis. 


corresponds to 185:3 + 14:7 = 200 lb. per sq. in. 
absolute; or, again, a vacuum of 61b. per 
sq. in., i.e. a pressure of 6 1b. per sq. in. below 
atmospheric, corresponds to 1477-6 = 8-7 lb. 
per sq. in. absolute. 

Let the temperature of the water be initially 
4° F., and its volume V,,. On heat being applied 
the temperature of the water will rise to a 
temperature ¢,, depending on the pressure at 
which steam will be generated. From the 
steam tables we find that for a pressure of 
200 lb. per sq.in. absolute the corresponding 
temperature of steam formation is 381-9° F. 

The heat supplied during the warming of the 
water is called sensible heat, and assuming the 
specific heat to be constant and equal to unity, 
the heat supplied = 381-9-?¢,B.Th.U. For 
the purpose of recording in the steam tables the 
sensible heat (4) required to warm the 1 Ib. of 
water up to any given temperature, the initial 
temperature of the water is assumed to be 0° C. 
or 32°F. Moreover, in these tables variations 
in specific heat, etc., are taken into account so 
that the results will differ slightly from those 
above. Let us take an example— 

Find the heat required to warm Ilb. of 
water from 60° F. up to 300° F. 

I1. Assuming specific heat of water unity. 

Heat required = (300 — 60) = 240 B.Th.U. 


2. From steam tables. 

Sensible heat required to warm 1 lb. of water 
from 32° F. up to 60° F. = Ag = 28-08 B.Th.U. 
(Note if the specific heat = unity this would 
be (60 — 32) = 28 B.Th.U.) 

Similarly, %39 = 269:6 B.Th.U. 

<. Heat required = 2696 - 28:08 = 
241'52 B.Th.U. Thus, on the assumption of a 


constant specific heat an error of 1:52 B.Th.U. 
over this range, i.e. an error of 0-64 per cent, is 
involved. 

Now although we are assuming that water is 
incompressible, i.e. suffers no change in volume 
for any given pressure change, yet the volume 
does vary slightly with temperature. For 
instance, at 32° F. the volume of 1 lb. of water 
is 0-016 cub. ft., while at 381-9° F. the volume 
is 0:0184 cub. ft. 

Hence, when heating under a constant 
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pressure of 200 lb. per sq. in., the external work 
done due to this increase in volume over this 


range is 
OB (-0184 - 016] = 0-089 B.Th.U. 


Thus the heat supplied to the water increases 
its internal energy, and also does this external 
work, 


; lag toes : 
IG. h = hy + F [F wo - V wil 


But in the above example we see that the 
external work done by the expansion of the 
water is negligible in comparison with the 
sensible heat, which at 200 Ib. is 354:9 B.Th.U. 
Thus, in future work we shall disregard this, and 
assume that the heat supplied % equals the 
increase in internal energy h,. 

To return to our cylinder—we have arrived at 
a temperature ¢,, corresponding to the pressure, 
at which steam is about to form. On continued 
heating we have seen that, while the steam is 
being produced, the temperature remains con- 
stant until all the water is evaporated. 

The heat supplied during the evaporation is 
called the latent heat, generally denoted by L, 
and a column for this will be found in the 
tables. 

Should steam tables not be available, the 
latent heat required to convert Ilb. of water 
into steam may be calculated approximately 
from the following formulae— 


= ne oA BEHU: 
or L= 60-077C CHU: 
where 7° is the ordinary, not absolute, tempera- 
ture. Steam tables are, however, advised 
wherever possible. 

During the vaporization the latent heat is, as 
we have already seen, required for two purposes, 
namely— 

I. For performing external work against the 
constant pressure P lb. per sq. ft. of an amount 
previously determined— 

B 

yi ( V, oe 
where V, is the volume of 1 lb. of water stuff 
when completely turned into steam at the 
vaporization temperature, and V „is the volume 
of 1 lb. of water at the same temperature. 

Thus, knowing the latent heat at any tempera- 
ture, the value of the internal work p may be 
determined— 


P 
=L- S| (V,— V ws) heat units perlb. The 


Vw) heat units per lb. 
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value of the “ specific volume” V, is given in 
s 


the tables. 
For example, at a pressure of 200 lb. per 
sq. in. we find— 


V= 2-290 cub. ft. per lb. 
L = 843-2 B.Th.U. 


200 X 144 
778 
= 843:2 — 84 = 759:2 B.Th.U. 


p = 843:2- (2:29 — 0-0184) 


where 0:0184 = volume of Ilb. of water at 
381-9° F. This result checks with the value 
given in the tables. 

Internal or Intrinsic Energy of Steam. This 
will be the sum of the internal energy of the 
water and the internal latent heat, 


i.e. internal energy E = h, + p 
or as we are assuming 4 = h, 
B= hap: 


Total Heat of Steam. The amount of heat 
H necessary to convert I lb. of water from water 
at 32°F. to dry saturated steam at a given 
temperature, and corresponding pressure is 
called the “ total heat of evaporation.” 

It will be readily seen that this is the sum of 
the sensible and latent heats, 


Le. etude. 


But this is not the total energy possessed by 
the steam, since it represents only the energy 
that has been added inside the boiler to x lb. of 
feed water entering at 32° F. to produce steam 
under the constant pressure P, while a certain 
amount of energy has had to be given to each 
pound of water to force it into the boiler against 
this pressure. Let us determine the amount of 
this extra energy by considering again our 
cylinder fitted with a piston and let us pump 
in liquid under a constant pressure P lb. per 
sq.ft. If V,,,:cub. ft. = volume of 1 lb. of the 
liquid at 32° F., then for each pound pumped 
in, the piston moves out against the pressure P, 
the increase in volume being V. Hence the 
work done is PV, ft.-lb. per pound of liquid 
pumped. 

If we reverse the operation by allowing the 
pressure P to force the liquid out, the latter 
may be made to do PV ft.-lb. of work for 
each pound discharged. 

Hence x 1b. liquid at P lb. per sq. ft. pressure 
and V „ı cub. ft. possesses PVY „ ft.-lb. of energy 
due to its pressure. 

Thus the total energy I given to 1 1b. of water 
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at 32° F. to produce steam at any given pressure 
is 


mjera 


This total energy is generally called total 
heat, an unfortunate name since confusion may 
arise with the total heat of evaporation H. 


] heat units. 


PV wr ! 
The term 5 for water is, however, so 


small as to be negligible in practice compared 
with H, and in future we shall assume that 
dl se Vek 

Correctly, then, the total energy of 1 lb. water 
is given by 


PV 
Sm STA, 


P 

T hy = Jf [Vwe Vil 
PV ws 

= h, + a : s : = Ge) 


Similarly for 1 lb. dry saturated steam 


PV 
Pah Ls 


I ap he ie 

J 
BP P ; 
=h + T PF a 
= eee (2) 
= TA z 7 A i 


sint 


Hence from either expression we see that the 
total energy I of a substance is equal to the 
sum of the internal energy, and the external 
work done against the pressure P by the sub- 
stance expanding from zero volume to its actual 
volume, i.e. change of volume in (1) is Vo» and 
W2) V- 

In some steam tables this total energy is 
given under the name, total heat, while in 
others the value of the total heat of evaporation 
is recorded, but as stated, for all practical pur- 
poses the differences may be neglected. 

Dryness Fraction. While steam is being 
formed at the temperature corresponding to the 
pressure and is in contact with the water, the 
steam is said to be wet saturated. As soon as 
all the water has been converted into steam at 
this temperature, the steam is termed dry 
saturated. ; 
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In a steam boiler, which is equivalent to the 
cylinder so far considered—steam being gener- 
ated at constant pressure and removed as fast 
as it is generated—the steam as it leaves will 
generally carry a small amount of water along 
with it, and the ratio 


Weight of dry steam present 
Total weight of dry steam + water present 
is termed the dryness fraction, and is generally 
denoted by x or q. 
Thus to form steam of a dryness fraction x 
from water at 32° F. at any given pressure— 
The sensible heat (h) will be unaltered, but 
of the latent heat L, required to convert the 
water into dvy steam at the saturation tempera- 
ture, we shall only require xL since x lb. only 
have been evaporated. 
Thus the total heat H = h + xL. 
Since of the latent heat only an amount xL 
has been required 
PERES Bx, 
7 V.- Ve) | 


a ! 


.. Internal latent heat required = xp, and 
external work done = x.P//(V,—V,,) where 
x(V,- Vw) represents the change of volume per 
I lb. of water stuff that has occurred, e.g. 

Initial volume, 1 lb. of water = V,, 

Final volume, r lb. of water stuff 

= 4V,+ (I-4)Vy 
= x(V,- V»). 

Superheated Steam. As soon as all the 1 lb. 
of water in our cylinder has been converted 
into steam, i.e. the steam is dry saturated, any 
further heating will now cause the temperature 
to rise above that of vaporization, and the 
piston will move outwards against the external 
pressure, i.e. the volume increases above the 
specific volume V,. The steam is now said to 
be superheated above its saturation temperature. 


If t, = saturation temperature 
t, = superheat temperature. 


Then the heat added per 1 lb. of steam will 
be 


Kp- (ts - t) heat units 
where K, is the mean specific heat of the steam 
at constant pressure. 

The further the steam is removed from the 
saturation temperature by superheating, the 
more nearly will it behave like a perfect gas. 
If the temperature of the steam drops below 
the saturation temperature some of the steam 
will, of course, condense. 
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Now superheating at constant pressure is 
exactly what occurs in a boiler plant, the 
steam at boiler pressure being subjected to 
further heating as it passes through the super- 
heater placed between the boiler and the engine. 

The specific heat of superheated steam varies 
greatly with the degree of superheat, and for 
accurate calculations the mean specific heat over 
the range required should be determined from 
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At atmospheric pressure the value of K, 
= A8. 

The student is advised to make himself 
thoroughly familiar with the properties of steam 
by plotting curves, similar to those shown in 
the graph, Fig. Ir, showing the different 
relationships, the values being obtained from 
the tables. 

In the figure, 
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the steam tables; e.g. consulting the super- 
heated steam tables, determine the mean 
specific heat when steam at 200 Ib. per sq. in. 
absolute is superheated by 400° F. We find 

Total heat of dry saturated steam H at 
381-9° F. corresponding to 200 lb.-sq. in. 

= 196% B.Th.U. 

Total heat of 1 lb. of steam after being super- 
heated by 400° F. (i.e. ż, = 781-9° F.) 
: = 14059 B.Th.U. 

The difference between these gives the super- 
heat supplied per pound, namely 

207°8 B.Th.U. 
Thus Kp X 400 = 2078 
A K, — 0-510: 


sensible and latent heat, have been plotted 
against temperature. 

It will be noticed that the latent heat decreases 
with rise of temperature ; and at low pressures 
the specific volume of the steam is enormous. 
This latter is of great importance, especially in 
steam turbine work, where the steam is expanded - 
down to as low a pressure as possible, since the 
designer is confronted with the difficulty of 
providing for and getting rid of this large 
volume of the steam. The specific volume at 
a pressure of Ilb. per sq. in. absolute, is 333 
cub. ft., while at atmospheric pressure 14:7 lb. 
per sq. in. the volume of r lb. of dry saturated 
steam is 26-79 cub. ft. 
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By G. Woop, A.M.I.MeEcu.E. 


LESSON VI 
THE PART SECTION 


SomME machine parts can be almost completely 
represented, on a drawing, by outside views, and 
for completeness require a sectional view of only 
a small part of the detail. In such cases it is 


Fic. T 


the common practice to vary the outside view 
with a section at that part of the detail where 
the section ceases to be solid. An example is 
given in the valve extension spindle shown in 
Fig. 1. A rough freehand sketch of the usual 
three outside views will show that these views 
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fail to give a complete idea of the detail. If, 
as an alternative, we break the detail through 
the planes.ab and cd, altering our sketch of the 
side-elevation accordingly, we possess a complete 
representation of the part in the single view. 
Proceeding with the drawing of the spindle we 
make an outside view of the side-elevation up 
to the uneven line representing the “ break to a 
21—'5462) 


section,’ and the remainder of the view as a 
sectional elevation as shown in Fig. 2. 

Dotted Lines. It frequently occurs in machine 
drawing that views become superimposed, and 
at the same time it is essential that the hidden 
view should be known. This occurs in the case 
of a common bolt and nut. Fig. 3 (a) shows a 
bolt, and Fig. 3 (b) the same bolt with the nut 
engaged to same. Now although a complete 
outside view is given in Fig. 3 (b), it is not 
clear except to the initiated that the nut is not 
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Fic. 3 (c) 


as permanently attached to the bolt as the head 
at the other end. If, instead of erasing the 
lines representing the part of the bolt hidden by 
the nut, we make them dotted as in 
Fig. 3 (c), it becomes apparent that the 
drawing represents not one but two 
machine parts, i.e. a bolt and nut. The 
rule, where the machine part is fabricated 
as in the above example, is to assume that 
the hidden view had been previously 
drawn and the final outside view added 
later. Also, that part of the view which 
has become hidden by additional detail is 
not always erased, but the lines are 
changed from full to dotted. 

Another example is given in the rolled steel 
joist shown in Fig. 4 (a). Making a plan view 
of this joist we have a drawing as shown in 
Fig. 5 (a). Now suppose the strength of the 
joist is increased by the addition of a flat plate 
as in Fig. 4 (b). The plan view of the joist now 
becomes hidden by the plate and is, therefore, 
indicated by the additional dotted lines shown 
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in Fig. 5 (b). (The rivetting has, for simplicity, 
been omitted from the last view.) 

Dotted Lines Representing Sections. We 
have in the above example considered the pur- 
pose of the dotted line to represent the hidden 
part where that part has been overlaid by an 
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Elimination. As multiplicity of lines detracts 
from the clearness of a drawing, it is a good 
practice to eliminate any lines which may be 
considered inessential to the clear reading of a 
drawing. The deciding factor in such line 
elimination is familiarity of view. The rule 
to follow is “ where a machine part is common 
to many machine details then most if not all 
of the dotted lines may be eliminated.” An 
example is given in Fig. 8 (a), which shows a 
portion of a flanged joint consisting of two 
flanges held together by means of a common bolt. 
Such a detail is very common in engineering 
practice and, consequently, to eliminate the 


Fic. 4 (b) 


additional part. We shall now consider the 
value of the dotted line in representing a hidden 
section. In Fig. 6 we have shown a cast steel 
branch piece. Again making freehand sketches 
of the usual three views, we find that they fail 


Fic. 5 (b) 


to provide complete information of the part. 
To fully represent the casting we require 
additional sectional views of the stde-elevation 
and end-elevation. If, following the above rule, 
we assume the sectional views already made 
and the outside views added, then making the 
hidden lines of the sectional views dotted, we 
obtain a complete idea of the branch piece from 
the three outside views as shown in Fig. 7. 


Fic. 6 


dotted lines as in Fig. 8 (b) is both permissible 
and desirable. 

Pitch Circles. Referring to Fig. 7 above, it 
will be noticed that each of the three flanges 
is perforated’ with twelve bolt holes. The 
bolts fitting into these holes are, of course, 
required to make the flange joint when the 
branch piece is connected to its adjoining pipe 
or fitting. Also it will be observed that the 
bolt holes have their centres on a line concentric 
with the ro in. diameter circle representing the 
branch bore, and the circle supporting the bolt 
centres is referred to as the pitch circle. As the 
representation of bolt holes is a common 
requirement in machine drawing, we think it 
advisable to acquire some proficiency in quickly 
pitching off points at equal intervals on a pitch 
circle. 
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For an example let us draw a pitch circle of 
toin. diameter to a scale of 4in. = I in., as 
in Fig. ro (a), and adding a horizontal line 
through the centre o intersect the circle at the 
point a. Now pitching the points from æ in 


4 
6 
8 3 
12. 
i a 
(b) 


Fic. 10 


Fic. 10 (a) 


a clockwise direction, and making the first 
centre at the point b, it is obvious that the angle 
aob is equal to 360° divided by the number of 
pitches. Such a method could, with the aid 
of a protractor, be readily adopted, but it would 
prove tedious and not too accurate. The more 
practical method is to divide the circle into the 
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required number of pitches by means of a pair 
of dividers, taking a tentative length of chord 
ab, and finding the precise length by trial and 
error. In finding the length of chord it will be 
evident that certain numbers of pitches are 
readily and definitely fixed, such as the number 
six where the chord ab is equal to the pitch 
circle radius oa. 

In Fig. ro (b) is shown a pitch circle having a 
number of pitches marked a3, a4, etc., repre- 
senting the pitches for three or four bolts per 
pitch circle respectively. The pitches for these 
numbers of bolts can be readily and definitely 
marked. To find the pitch for any intermediate 
number of pitches we take the corresponding 
interpolation of chord length. 

For an exercise we recommend the student 
to draw to appropriate scales the pitch and bolt 
circles given in the following table— 


Pitch circle diameter . | 4” | 6” | 8” | 12”| 14” | 16” | 18” | 24” | 28” 
Number of bolts PE ae! 6 8 | 10 | 12 | 14 | 16} 28 | 20 
Diameter of bolts Ee Le BE ee | eee 


TRAINING OF MECHANICAL ENGINEERS 


By A. P. M. Freminec, C.B.E., M.Sc., M.1.E.E. 
Manager of the Research and Education Departments, Metropolitan Vickers, Co., Lid. 


LESSON II 


TECHNICAL EDUCATION OF 
ENGINEERING APPRENTICES 


As has been indicated, a great deal of importance 
should be attached to the choice of works, and 
every effort should be made to obtain apprentice- 
ship with a firm that pays particular attention 
to the discernment of ability, its development 
and application, and which provides facilities 
for higher education for those capable of profit- 
ing thereby. By attendance at works day 
schools and evening technical schools it is 
possible for a boy of ability to arrive ultimately 
at the same position as the engineering university 
graduate. A typical course of evening technical 


education extends over a period of five years, 
during which attendance on three evenings per 
week for 2} hours per evening is required. 
Candidates are not admitted to such a course 
until they have given evidence of suitability. 
Such a course leads to a diploma, and is, in 
many respects, comparable with a degree course. 
Some colleges of technology have part-time day 
courses, and some firms permit their most 
promising apprentices to attend such courses for 
one day per week, during which time wages are 
usually paid. The following is the day course 
of the Manchester College of Technology. It 
involves two sessions of about 40 weeks each, 
and covers approximately the same ground as 
that covered by the final three years of the 
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evening Associateship course. Attendance is 
required one day a week for seven hours. 


DAY COURSE FOR MECHANICAL 
ENGINEERING APPRENTICES 


First YEAR COURSE 


1. Mechanics (Lectures). Strength of materials ; 
normal and tangential stress; elasticity; Young’s 
modulus ; work done in stretching a bar; modulus 
of resilience; shear stress and strain; modulus of 
rigidity. Strength of thin shells under internal fluid 
pressure. Riveted joints; cotters. Beams; bend- 
ing moment and shearing force under different ways of 
supporting and loading ; bending moment and shear- 
ing force diagrams; strength of beams; moment of 
resistance. Torsion; moment of resistance ; diameter 
of shaft for a given horse-power ; hollow shafts. Work 
and energy; application of the laws of motion; 
kinetic energy of the moving parts of amachine. Radius 
of gyration ; stresses due to centrifugal force. Simple 
harmonic motion. 

2. Steam-engines (Lectures). Combination of. fuels 
in a boiler. Heat transfer from gases to the water in 
a boiler. Properties of steam. Use of heat and 
entropy diagrams. Fundamental laws of thermo- 
dynamics and their application to steam. Various 
steam-engine cycles. Behaviour of steam in an actual 
engine. Steam loss in an engine. Effect of speed, 
pressure, vacuum, and ratio of expansion on the work 
and steam consumption. Multiple expansion engines. 
Proportion of cylinders. Theory of condensers and 
air pumps. 

3. Internal Combustion Engines (Lectures). Applica- 
tions of the fundamental laws and equations of thermo- 
dynamics to perfect gases. Standard thermodynamic 
cycles. Classification of internal combustion engines 
into constant volume, constant pressure and dual com- 
bustion types. Description of the various types. 
Effect of the variation of specific heat with tempera- 


ture. Gas producers and the general theory of gas 
analysis. Review of recent work on gaseous explo- 
sions. The Humphrey pump. Theory of air com- 


pressors and refrigeration. General application of 
theory to the design and construction of various types 
of engines. 

4. Engineering Drawing. Moderately difficult exam- 
ples in drawing to emphasize qualities desired in a good 
mechanical drawing. Necessity of good draughtsman- 
ship, care in dimensioning, sectioning, etc. Detailing 
of parts from finished drawings. Descriptions of 
simple pattern-making and moulding of objects drawn 
by the student. Oblique sketching from models, and 
orthogonal sketching from oblique sketches. 

Drawing out of teeth, cycloidal and involute forms, 
by exact and approximate methods. Bevel wheels, 
proportions of wheel teeth. Strength of simple parts 
in tension, compression, and shear, with a view to 
design. Making complete drawings from sketches 
without further reference to model or part. Drawings 
from sketches made by other students by actual 
measurement. Use and proportions of bolts, studs, 
screws, rivets, keys, cotters, standard rolled sections, 
riveted joints. Use of split pins, washers, taper and 


plain pins. Knuckle joint. Pipes and flanges. 
Couplings of various design. Belt pulleys and speed 
cones. Pedestals, hangers, wall-boxes, brackets, 


plummer blocks. Mushroom and simple lift and slide 
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Methods of packing glands and 
stuffing boxes. Fast and loose headstock. Eccen- 
trics, crossheads, connecting rod ends, etc. Friction 
gearing. Belts and belt pulleys: Methods of lubri- 
cating journals, sliding surfaces, loose pulleys, cranks, 
pistons. Tracing of simple parts on paper. Blue 
printing demonstration. 

5. Mathematics IV. Revision of trigonometry, with 
special stress on compound angles ; transformation of 
products and sums. Continuity and limiting values, 
notion of a limiting ratio and its representation by a 
differential coefficient, slope of a curve, illustrations of 
differential coefficients considered as rates of increase 
drawn from well-known phenomena. Differentiation 
of x” for all values of n without assuming the binomial 
theorem. Differentiation of standard functions, pro- 
ducts, quotients, and functions of functions. Maxima 
and minima. Integration of simple algebraic and 
trigonometric functions. Integration by parts. Defin- 
ite integration, areas of curves, volumes of solids, 
centres of area, mass, moments of inertia. 

6. Steam-engines Laboratory. Testing and cali- 
bration of indicators ; taking indicator diagrams from 
simple and compound engines; calculation of horse- 
power from indicator diagrams; trials of simple and 
compound steam-engines, steam turbines, condensers, 
air pumps, and boilers. A 

7. Mechanics Laboratory. Friction of multiple 
surfaces. Friction clutches of the Weston type. 


valves. Pistons. 


Inclined plane with friction. Coil friction. Epicyclic 
trains. Unbalanced forces. Fly-wheel. Kinetic 
energy apparatus. Attwood machine. Trolley appara- 


tus. Simple harmonic motion. Unifilar, bifilar, and 
trifilar suspension. Compound and ballistic pendu- 
lums. Centrifugal force. Whirling of shafts. Young’s 
modulus by tension, bending, and oscillation methods. 
Modulus of rigidity by direct shearing, static torsion, 
and oscillation methods. Flow of water through a 
sharp-edged orifice and over a V-notch weir. l; 

8. Internal Combustion Engines Laboratory. Testing 
and calibrating of instruments used in engine trials. 
Indicators and indicating. Complete tests of gas, 
petrol, and oil engines. Exhaust gas analysis and the 
determination therefrom of the air fuel ratio. Study 
of the heat distribution in internal combustion engines 
of various types. 


SECOND YEAR COURSE 


1. Theory of Machines (Lectures). Laws of friction 
and their application to the theory of the screw; pin 
and pivot friction ; friction brakes and clutches ; belt 
and rope drives. Kinematics of machines. Rectilinear 
and rotational motion. Gyrostatic action. Dynamics of 
the steam-engine. Balancing. Fly-wheels. Governors. 
Cams and gearing. Transmission and absorption 
dynamometers. Critical and whirling speeds. 

2. Strength of Materials (Lectures). General stress- 
strain relations. Relation between elastic moduli. 
Compound stress and strain. Relation between B.M. 
and S.F. in beams, Shear stresses in beams and 
girders. Reinforced timber and concrete beams. 
Centrifugal stresses in wheels, belts, coupling-rods, 
connecting-rods, etc. Deflection of beams. Strength 
of columns and struts. Torsion of circular and non- 
circular shafts. Strength and deflection of springs. 
Combined bending and direct stresses and torsion. 

3. Hydraulics (Lectures). Laws of the equilibrium 
offiuids. Total pressure of liquids on plane and curved 
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surfaces. Centre of pressure. Laws of flow of water 
through orifices, mouthpieces and through submerged 
openings. Notches and weirs. Flow of water through 
pipes and in open channels and rivers. Hydraulic 
transmission of power. The action of jets upon plates 
and vanes either plane or curved. Theory of impulse 
and reaction turbines ; centrifugal pumps. Hydraulic 
engines, reciprocating pumps, accumulators, etc. 

4. Mathematics, V. Algebraic, trigonometric and 
other series. Complex quantities, vectors, and their 
uses. Partial differentiation. Curvature of plane 
curves. Integration, double and triple integrals. 
Applications of the calculus. Fourier series. Easy 
differential equations. Elements of geometry of three 
dimensions. j 

5. Machine Design. More difficult examples of 
drawing from sketches of actual parts and models. 
Detailing of parts from more difficult assembly draw- 
ings. Methods of blue printing. Stencilling of draw- 
ings and tracings. White printing and example in 
colouring. General points to be observed in machine 
design. General descriptions of patterns for and 
moulding of parts sketched and drawn by students. 
Strength of bolts. Types and proportions of screw 
threads. Advantages and uses of various shapes of 
bolts for various purposes. Locking arrangements. 
Tensional and torsional stress on bolts due to tightening 
with spanner. Effect of pitch on strength of bolt. 
Use of studs. Plain and taper pins. Fork joints for 
valve rods, knuckle joints. Design of pins for suspen- 
sion links, chain links, etc. Riveted joints. Method 
of riveting; strength of riveted joints. Application 
to structural work and boilers. Cotters and jibs. 
Strength of keys of various kinds. Strength of various 
forms of wheel teeth. Friction gearing. Belt driving. 
Strength of leather belts, fast and loose pulleys, reduc- 
tion gears. Strength of pipes, proportions of flanges, 
etc. Shafting arrangements. Shaft couplings; friction, 
flexible and claw types of couplings. Belts and 
pulleys. Chain drives. Proportions of journals and 
bearings. Hangers. Engine details in cylinder, 
simple valve gear, crosshead, connecting rod, and 
fly-wheel. Design of some portion of a machine, 
prime mover, pump or boiler complete, with working 
drawings. 

6. Graphics and Structures. Graphical notations 
and methods. Applications to determination of stresses 
in simple structures such as cranes, shear legs, tripods, 
suspension chains, etc. Suspension bridges. Bending 
moment and shearing force diagrams for beams and 
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girders loaded and supported in various ways. 
and moving loads on girders and bridges. 
bridges. Continuous beams. Clapeyron’s theorem of 
the three moments. Graphical construction of modulus 
figures and shear stress diagrams for beam and girder 
sections. Stresses in structures, such as walls, chim- 
neys, etc., due to wind pressure. Conditions of 
stability and stresses in dams and retaining walls for 
water and earth. Earth pressures and earth slopes. 
Arches. Stress diagrams for dead, live, and wind 
pressure loads in braced structures, open lattice-work 
girders, roof trusses, etc. 

7- Materials Testing Laboratory. Tests of specimens 
of wrought iron, steels, cast iron, and alloys of copper 
in tension and compression. Ultimate strength, yield 
point, elastic limit, and modulus of elasticity. Effect 
of time and repetition of stress. Torsion tests. Izod 
impact tests and Sankey bending tests. Autographic 
records. Tests of wood and metal beams for bending 
strength and deflection. Vibration experiments. Com- 
pression tests of timber, bricks, stones, masonry, brick- 
work, and concrete, up to total loads of 750 tons. 
Relation between strength of single bricks and of the 
brickwork laid upon them. Cement testing. 

8. Hydraulic Laboratory. Flow through orifices of 
various types. Venturi meter calibration. Flow 
through straight and spiral pipes ; flow through cocks 
and valves. Flow over weirs. Tests on reciprocating 
and centrifugal pumps. Water turbine tests. 

9. Machine Testing Laboratory. Study of dynamo- 
meter. Bearing friction tests. Tests of the sensitivity 
and energy of pendulum and shaft governors by the 
use of Horn’s tachographs. Centrifugal fan tests. 
Determination of the effective mass of piston and 
linkage of a Crosby indicator. Efficiency of lathe 
headstock. Experiments on cutting stress in lathes and 
on forces required for drilling. Efficiency of belt 
drives. 


Rolling 
Cantilever 


As already indicated, it is possible, by the 
above method, for any boy who enters an 
engineering shop at 14 to become a fully quali- 
fied technical engineer, but such a course requires 
great determination of purpose and strong 
physique, and consequently only a very small 
proportion of boys going into engineering direct 
from the primary schools rise from the bench 
and become more than skied artisans. 
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By JosrrH G. Horner, A.M.I.MEcH.E, 


LESSON VII 
CHUCK WORK 


WHEN articles are gripped and driven from the 
headstock of the lathe without support from the 
movable poppet they are “chucked.’’ The 
appliances by which they are secured have many 


Z 


Fic. 27. FACE PLATE WITH SLOTS 


forms—the cup, the face plate, the independent, 
and the concentric jaw types, the immense num- 
ber of collet forms, the permanent and the false 


Fic. 28. FACE PLATE WITH TEE-GROOVES 


jaws, besides large numbers of special designs to 
suit particular groups of repetitive work. As 
pieces thus held and turned mostly project some 
distance away from the grips there comes a 


limit to the overhang that is consistent with 
security of grip under the stress of cutting, 
Cases of this kind are met sometimes by an 
extension of special jaws, notably in the turning 


Fic. 29. WORK CLAMPED DIRECTLY TO FACE 
PLATE, AND THE CLAMP LEVELLED WITH 
A BOET 


of shell cases, in others by affording an addi- 
tional support when that is practicable, to the 
overhanging portion by the centre of the loose 
poppet. But, in general, the holding power of 
the chuck alone has to be relied on, and this, 
therefore, is a matter of primary importance in 
every design. 

The Cup or Bell Chuck. This is the simplest 
form, much used by wood turners, but of 


Fic. 30. AN ARM 
GRIPPED AGAINST 
Woop PACKING 


Fic. 31. A TEMPORARY 
DoG THAT GRIPS AN 
EDGE 


limited utility in the metal turnery. Its over- 
hang is large and the screws are ill adapted for 
gripping. Its chief value lies in the facility 
which it affords for receiving intermediate wood 
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chucks driven into it, and turned or bored to 
hold small and delicate articles that would be 
liable to suffer distortion if gripped in the dog 
chucks. The cost of wood is low, and chucking 


Fic. 33. JAW 
ADJUSTED WITH 
A SET-SCREW 


Fic. 32. AN ALTERNATIVE 
Form TO Fic. 31 


is quickly effected. Frequently the wood is 
split and encircled with a ring to tighten it on 
the work. Brass finishers find these methods 
useful and cheap. 

The Face Plates. Work that is chucked may 
be divided into two great groups—that of 
irregular and of rough inaccurate outlines, and 
that which is truly circular. The first is handled 
on face plates and in the independent jaw 
chucks, the second in the concentric or self- 
centring designs. Generally, larger pieces are 
provided for in the first than in the second. 
To accommodate those that are truly circular 
and those which are not so, combination designs 
are employed. Articles of irregular outlines, 
or which, though mainly circular are not 
accurate, are not suitable for insertion in 
concentric chucks destitute of independent 
adjustments. 

The face plate, Fig. 27, is a stout disc ribbed 
round the rim for stiffening it, and screwed 
directly to the mandrel nose. It is a plain plate 
without permanent fittings, but it has numerous 
slot holes pierced through it in various patterns, 
to receive bolts, dogs, or loose jaws in the 
largest possible numbers of positions, or, 
Fig. 28, tee-grooves may predominate for tee- 
headed bolts, or slots for jaws. Clamping 
directly against the plate, Fig. 29 is most satis- 
factory when the work has sufficient substance 
to resist spring and distortion. Packings must 
be selected, if solid, or if not, be so adjusted 
as to keep the clamping plates level. Wood 
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packings are sometimes desirable as in Fig. 30, 
where an arm is gripped with bolts on opposite 
edges. 

Dogs. When practicable, especially in the 
thinner articles, it is better to grip against 
edges than faces, because the risk of distortion 
is less. This is the function of the dogs. The 
simplest form is shown in Fig. 31. A boss with 
a tail bolt inserted in a hole conveniently 
selected in the plate, has a set-screw at right 
angles that is tightened against the edge of the 
piece of work. Four dogs are generally used. 
If the set-screw is required to stand out to a 
considerable distance from the plate, the form 
shown in Fig. 32 is better. An angular block 
having a tongue fitting in a slot in the plate is 
secured with a bolt, and carries the set-screw. 
As the area of grip of a screw is small, the jaw 
in Fig. 33 may be sometimes substituted with 
advantage. But it entails an increase in the 
number of parts, and does not permit of the 
utilization of the full capacity of the face plate. 
A better method is to fit self-contained jaws 
bolted to the plate. The angle plate is a valu- 
able adjunct for holding pieces that cannot be 
so conveniently bolted 
directly to the face 
plate, and for pieces 
the faces of which have 
to be tooled to right 
angles. 

The Independent Jaw 
Chucks. In these the 
clamping screws in the 
body of the chuck 
move the jaws on its 
face independently of 
each other, and as each 
has a large range of 
movement limited only 
by the capacity of the 
chuck, pieces of any 
outlines can be held. 
Jaws grip work on the 
outside or in bores. 
Generally the screws 
that move the jaws are 
embraced with a lug 
on the back of the 
jaw, but this prevents 
the reversal of the jaws, by which the range of 
capacity and utility is increased. Often, there- 
fore, the back of the jaw is threaded round an 
arc only to embrace a portion of the screw, 
and the jaw is prevented from lifting off the 


Fic. 34. INDEPENDENT 
Jaw CHUCK 
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plate with grooves that slide on tongues cut in 
the body of the plate, Fig. 34. In all the older, 
and in most present forms, the screw is turned 
with a box spanner embracing a square neck 
sunk below the periphery, but frequently now 


FIG. 35. A JAW OF THE TAYLOR SPIRAL CHUCK 


a recess is cut in the end of the screw to receive 
a tommy, which slightly increases the range of 
movement of the jaw. These chucks are so 
valuable that they are employed to a greater 
extent than any others in the common lathe. 
The Concentric Chucks. In these, all the 
jaws are closed or opened simultaneously by 


Fic. 36. FITTING A CHUCK TO A PLATE ON 
THE SPINDLE NOSE 


their common fitting on their backs to a plate 
having a spiral cut on its face, hence the term, 
“scroll chucks,” applied to them. In the 
older form the scroll element is turned with a 
tommy entered in holes in the periphery. But 
more commonly now, three bevel pinions 
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engage with teeth in a circular rack cut on the 
back of the scroll ring. The turning of either 
pinion will rotate the ring, and with it the other 
pinions. Though this is suitable for making 
light contact, it is well to go round and give 
each pinion a separate tightening. So when 
releasing, each pinion should be slackened in 
turn. The mechanism is rather delicate and 
crowded, and though parts are hardened and 
wear is delayed, some inaccuracy will develop 
in time, and then they are unsatisfactory for 
the finest work. 

Combination Chucks. These include a scroll 
for concentric work, with a circular rack and 
pinions, and screws for effecting independent 
movements of the jaws. Different methods are 
adopted for throwing the ring out of engage- 
ment with the pinions when the jaws have to 
be operated independently. The spiral chuck 
of Taylor, Birmingham, differs from all others 
in the disposition of the 
scroll at an angle, Fig. 35; 
to receive the pressure of 
the jaws normally against a 
buttress thread, instead of 
with overhang, bending, and 
side pressure which are 
damaging to a scroll cut on 
a plane surface. 

Methods of Attachment. 
These high-class chucks are 
seldom attached directly to 
the spindle nose, because it 
would not be possible to fit 
chucks of different sizes and 
types from a manufacturer’s 
stock to the noses of various 
lathes. A small plate is 
therefore screwed to the nose and its 
periphery is turned to fit a recess on the 
back of the chuck, and the two are fastened 
with screws, as in Fig. 36. In the usual 
fitting of the face plate to the nose, the boss of 
the plate makes contact with a collar on the 
spindle to maintain the accuracy of the fit. 
But as the screw threads become worn, which 
tends to loose fitting, it is usual in many recent 
lathes to leave a portion of the nose smooth, 
Fig. 37, with which a plain part of the hole 
in the boss makes close contact. It may occupy 
half the length of the nose. It is generally at 
the rear end, but is sometimes at the front. 


Fic. 37 SHows PoR- 
TION OF SPINDLE 
Nose LEFT SMOOTH 
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GEARING 


By Henry E. Merritt, M.Sc. (Enc.) 


LESSON V 
HELICAL GEARING 


TOOTH ACTION 


In the case of spur gearing, in which the teeth 
are parallel with the axis, the conditions of 
engagement are similar on every section taken 
at right angles to the axes of the shafts. On 
every tooth in contact, therefore, the line of 
contact is parallel to the tooth and moves over 
the face of the tooth from root to crest or vice 
versa, according to whether the gear is the 
driving or driven member. At every point on 
the line along which contact takes place at any 
instant the conditions of engagement are the 
same ; but as this line changes its position these 
conditions also change. Thus, when contact 
commences during approach, the tooth surfaces 
are sliding with an appreciable velocity ; this 
velocity uniformly decreases, and at the pitch 
point becomes zero, where the tooth action is 
momentarily one of pure rolling. Beyond the 
pitch point the direction of sliding reverses 
and increases in magnitude. In addition to 
this variation, it must be remembered that as 
successive pairs of teeth pass into and out of 
contact, the number of such pairs of teeth is 
fluctuating, with a consequent variation in the 
load carried by each tooth. As a result, the 
teeth tend to wear irregularly and to lose their 
correct shape, and in course of time the gears, 
however accurate when new, will inevitably 
become noisy. 

This fact has lead engineers to consider the 
application of the helical gear, and to devise 
means for its accurate manufacture. The 
helical gear, although it may have teeth of the 
same cross-sectional profile as a spur gear, yet 
differs radically from it in respect of the nature of 
its tooth action. Since the teeth are disposed 
in helical formation, the nature of the contact 
will vary from section to section; thus, at a 
given instant approach will occur on one sec- 
tion, and recess on another, between the same 
pair of teeth. The line of contact between a 
pair of teeth extends in fact diagonally across 
the faces of the teeth, and along every one of 
these lines of contact every condition of engage- 
ment occurs simultaneously. As the gears 


rotate, the linesof contact travel from end to 
end of the teeth, so that each pair of teeth picks 
up the load gradually and passes out of engage- 
ment with equal smoothness. The tendency to 
wear unevenly and to develop noise is thus 
eliminated, and there is also a tendency to con- 
centrate the load in the region of the pitch line, 
where the efficiency of transmission is highest. 
In by far the greater number of high-duty geared 
transmissions, such as are used for turbine 
reduction gearing for land and marine purposes, 
rolling mill and haulage gears and the like, 
helical gears are used, and their success has 
been fully demonstrated. 

Single and Double Helical Gears. Single 
helical gears, whilst giving the desired contin- 
uity of engagement, introduce an end-thrust, 
due to the tooth spiral, since the tooth reaction is 
necessarily normal to the tooth and thus has a 
component in the direction of the axis. This 
component may be balanced out by dividing 
the face width of the gears into two portions, 
each being provided with helical teeth of the 
opposite hand. The end-thrusts on each por- 
tion thus balance each other and no resultant 
thrust is produced. At the same time, it is 
essential that the gears should be isolated from 
external thrusts by means of flexible couplings, 
whilst it is considered to be the best practice 
definitely to locate both wheel and pinion end- 
wise by means of suitable thrust bearings. 

The Manufacture of Double Helical Gearing. 
The earliest double helical gears were made 
with cast teeth, and great skill and ingenuity 
were expended in their production by this pro- 
cess. Nevertheless, the inaccuracies insepar- 
able from castings are serious for toothed gears, 
whilst the limitation to the choice of material 
is a grave disadvantage. For these reasons 
machine-cut double helical teeth were intro- 
duced and the methods employed in their pro- 
duction fall, as in the case of spur gearing, 
under the two distinct headings of “ forming ” 
and “ generation.” Each of the methods used 
in producing spur gears has its counterpart in 
helical gear manufacture. 

The End-mill Process. The end-mill process 
was the first method used on anything like a 
large scale. This process is still used with 
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advantage in cutting the largest gears, such 
as ¿rolling mill pinions (which may weigh 
20 tons or more) having teeth of very 


coarse pitch, since the cutters are much less 


Fic. 28. D.B.S. END-MILLING MACHINES CUTTING 


RoLLING Mitt PINIONS 


expensive than those of other forms. Fig. 28 
shows some machines, designed and built by 
Messrs. David Brown & Sons, Ltd., engaged in 
producing rolling mill gears by this process, 
the pitch of the gears illustrated being 8} in. 
The process also lends itself to the production 
of triple helical gears, examples of which are 
given in Fig. 29. The triple helical gear is, 
however, in many respects inferior, and in no 
way superior, to a double helical gear. It was 
once considered that the apex of the teeth 
should run forward, and that the triple helical 
gear, having an apex pointing in each direction, 
will run equally well both forward and reversed. 
Subsequent experience, however, has shown 
that the direction in which the apex runs is 
immaterial. The end-mills employed, more- 
over, are as cutting tools inferior both in accu- 
racy and durability to generating cutters. 

It will be observed that this process produces 
teeth which are continuous at the apex; but 
the portion of the tooth in the immediate neigh- 
bourhood of the apex is not effective. 

Hobbing. A helical gear may be produced by 
the hobbing process (see Lesson III) as readily 
as a spur gear, and the process is one which has 
advantages when applied to gears in which the 
pitch is small in comparison with the face width. 

The large number of cutting teeth in the hob 
enables it to maintain its sharpness, and this in 
conjunction with the uniformity of the rotation 
and cutting action leads to gears having a high 
degree of accuracy. A machine designed particu- 
larly for the hobbing of accurate high duty 
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gears is shown in Fig. 30. The feature of this 
machine is that the head in which the hob 
carriage slides is inclined, so that the hob in its 
travel across the face of the blank receives an 
axial displacement, which successively 
brings new cutting edges into operation 
and maintains uniformity in cutting 
conditions across the entire face of 
the gear. Without this inclined head 
the axial movement of the hob would 
have to be provided by additional 
mechanism, thus multiplying the sources 
of error. 

With the hobbing process, space must 
be left at the centre of the face to 
enable the teeth of the hob to clear, 
and the whole of the face cannot there- 
fore be made effective. In the type of 
gear to which hobbing particularly lends 
itself, however, this is of no moment, 
since a central gap for a bearing is 
often desired to minimize deflection of the 
pinion shaft. 

The David Brown Process. This process is an 
adaptation of the rack planing principle to the 


Fic. 29. DOUBLE AND TRIPLE HELICAL GEARS 
PRODUCED BY THE END-MILLING PROCESS 


helical gear, with an important modification 
which enables the gears to be cut from the solid 
with continuous teeth having a sharp pointed 
apex, the whole of the face width being made 
effective. 
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The principle consists in employing a pair of 
cutters each in the form of an involute (straight- 
sided) rack, which reciprocate along straight- 
line guides in a direction inclined to the 
gear axis at the spiral angle desired, 
usually 224°. The cutting edges lie 
entirely in a plane perpendicular to 
the gear axis, and as one cutter ad- 
vances on its cutting stroke the other 
recedes, each coming to rest at the 
end of its stroke exactly in the cen- 
tral plane in which the apex of the 
teeth is to be formed. Fig. 31 shows 
the largest machines yet built to work 
according to this principle, and Fig. 32 
shows a typical pair of gears produced 
by this process. The process of gener- 
ation employing the pinion type cutter 
has also been adapted to the produc- 
tion of helical and double helical 
gears by giving the cutter, in addition to 
its reciprocation, a rotary motion by means 
of a helical guide. 


MOUNTING AND LUBRICATION 
Double helical gears, particularly for high duty 
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drives, require that special care be given to the 
mounting and lubrication. It is important, 
firstly, that external end-thrusts be eliminated 
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or balanced out, and that the gears be con- 
strained to retain their correct axial location. 
In addition, the gears should be housed in a 


Fic. 31. GENERATING A Q IN. DIAMETER 
CONTINUOUS-TOOTH DOUBLE-HELICAL GEAR 


casing proof against dust, not only to protect 
the gears, but to ensure the presence of contin- 
uous lubrication. The latter may be effected 
by allowing the gears to dip into an oil bath if 
the peripheral speed is not such as to cause 
excessive churning losses; otherwise the gears 
are lubricated by directing a spray of oil on to 
the teeth. 

The gears must be mounted with an accuracy 
equal to the accuracy of cutting, in order that 
the entire face width may take its due share of 
load and thus prevent excessive local stresses. 


Fic. 32. ROLLING-MILL PINIONS PRODUCED 
BY THE D.B.S. RACK-PLANING PROCESS 


The bearings must be housed in a casing suffici- 
ently rigid to maintain the alignment, and should 
be so loaded and lubricated that risk of mal- 
alignment through bearing wear is minimized. 
The employment of either ball or roller bearings 
for the smaller sizes, and Michell journal bear- 
ings in large high speed gears, is favoured. 
(Continned on page 327) 
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By ARTHUR Grounps, B.Sc., A.I.C., Assoc.M.I.Min.E., A.M.C.T. 


LESSON V 
‘CALORIMETERS 


Bomb Calorimeter. There is really only one 
type of instrument which can be relied upon to 
give reliable results for the determination of the 
calorific value of either a coal or oil fuel, and 
that is the bomb calorimeter. This instrument 
is made by a number of firms, each of which pro- 
duces a calorimeter differing slightly in detail 
from that produced by a rival firm, but preserv- 
ing the same main features. The instrument 
shown in Fig. 1 is the Berthelot-Mahler bomb, 
made by Messrs. A. Gallenkamp & Co., Ltd., to 
whom the writer is indebted for the loan of the 
illustrations. Fig. 2 shows the general assembly 
of the instrument complete. From Fig. I we 
see that the bomb proper consists of a strong 
cylindrical vessel, made usually of either a special 
steel or other alloy, through the cover of which 
protrude two electrodes, D and R. On the 
electrode R is carried the platinum crucible T, 
into which is weighed out accurately about half 
a gramme of the fuel to be tested. It is essential, 
of course, that this fuel should be weighed out 
on an analytical balance, which will give the 
weight accurately to within 0-0002 of a gramme. 
A length of very fine gauge iron wire, bent into 
the shape of a letter V is fastened between the 
two electrodes, the point of the V dipping down 
into the fuelin T. The lid of the bomb is then 
screwed down, and a gas-tight joint is ensured 
by means of the lead gasket between the lid 
and the body of the bomb, the large spanner C 
in Fig. 2 being used to secure the necessary 
degree of tightness. 

The needle valve V, is closed and the 
valve V, is opened, the instrument being held 
firmly in the baseplate as shown in Fig. 2. This 
baseplate should be screwed down firmly to a 
stout bench. The connections are now made 
between the pressure gauge G and the bomb, 
on the one hand, and the gauge and a cylinder 
of oxygen under pressure on the other hand. 
Oxygen is carefully admitted to the bomb until 
the gauge shows that the pressure in the bomb 
is about 20-25 atmospheres, when the needle 
valve V, is closed, and the oxygen cylinder valve 
is also closed to prevent any further leakage. 


The bomb is now placed in a tinned vessel inside 
the main calorimeter vessel H. This tinned 
vessel contains a carefully weighed quantity of 
water, usually about 2,000 grm., so that the 
bomb is completely immersed in the water, 
connections from an accumulator or other 
source of electricity having been made to the 
two electrodes, using a switch in the circuit. 
The outer vessel H is 
water-jacketted in order 
to prevent any heat being 
absorbed from or given 
up to the outer atmo- 
sphere. The temperature 
of the water in the tinned 
vessel containing the 
bomb is now read care- 
fully by means of the 
very delicate thermom- 
eter K, using a small 
magnifier to facilitate 
reading the fractions of 
a degree. The water in 
the tinned vessel is kept 
stirred at a steady rate 
by means of a skeleton 
agitator operated by 
means of the hand-wheel 
J. When the tempera- 
ture is steady, or is rising 
or falling at a steady 
rate, the switch is closed 
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dips into the fuel. 

When this wire is heated to bright redness, 
the fuel burns vigorously in the atmosphere of 
oxygen, and the heat given out by the combus- 
tion of the coal is transmitted via the walls of 
the bomb to the water surrounding it. The 
rise in temperature of this water is found from 
the half-minute readings, which are taken on 
the thermometer K, and from this rise, the 
weight of water used to surround the bomb and 
the weight of fuel used, can be calculated the 
calorific value of that fuel. Detailed descrip- 
tions of the method of use of the instrument are 
provided with each instrument sold, or can be 
consulted in one of the standard textbooks on 
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fuel, referred to in the list of recommended books 
which will be given at the conclusion of these 
lessons. The main idea will, however, be now 
appreciated, and it ‘will be seen that we do 
actually measure the heat generated by the 


. THE MAHLER-KROEKER BOMB 
CALORIMETER 


combustion of the fuel by finding the rise in 
temperature of the water surrounding the bomb. 
An instrument such as this would cost anything 
from £50 to £80, and in many works, particu- 
larly the smaller ones, a desire is often felt for 
some cheaper form of instrument. 

The Roland-Wilde Calorimeter. This calori- 
meter, instead of making use of the direct 
combustion in an atmosphere of oxygen of 
the fuel to be tested, depends for its action 
on the reaction which occurs between the fuel 
and about sixteen times its weight of sodium 
peroxide. The instrument is shown in Fig. 3, 
from which it will be seen that the main fuel 
container is a nickel crucible, provided with 
lugs by which it may be screwed into the 
central conduit passing through the top of 
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the wooden lid. This conduit is provided with 
a small ball valve, which is a point of weak- 
ness that has now been eliminated in a 
manner to be described. The water equivalent 
of each instrument, i.e. the weight of water 
equal in heat-absorbing capacity to the metal 
and other parts of the calorimeter, is supplied 
by the makers, and is generally about 75 grm., 
but should be checked before the instrument is 
used. A quantity of 925 grm. of water is 
placed in the inner metal vessel T, whilst the 
weight of coal used is 0-73 grm. This must 
be pulverized to about 60 mesh, after which it 
is intimately mixed with 12 to 14grm. of 
granulated sodium peroxide. The mixture is 
placed in the crucible, which is then screwed 
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THE ROLAND-WILDE CALORIMETER 


FIG. 3: 


into the cap, a rubber washer making a gas-tight 
jeint. The thermometer is now placed in posi- 
tion with its bulb on a level with the base of 
the crucible. The stirrer H is now moved about 
until the temperature is constant, when all is 
ready for a determination to be made. 

A piece of nickel wire about +, in. diameter 
and } in. length is heated to a bright red 
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heat in a bunsen burner, and whilst hot is 
allowed to drop through the valve D, which 
is at once closed. The hot nickel wire 
ignites the coal which continues to burn in 
the oxygen derived from the sodium per- 
oxide. Throughout the determination, the 
water in the vessel is kept agitated by means 
of the stirrer. The difference in temperature 
between that recorded before ignition and the 
highest temperature attained during the test is 
the rise in temperature to be noted. This 
value, multiplied by 1,000, is the calorific value 
of the coal in British Thermal Units per pound. 
Twenty-seven per cent of the total heat evolved 
by the combustion of the coal is derived from 
the reactions occurring between the products 
of combustion (i.e. water, carbon dioxide, etc.) 
and the sodium peroxide. This accounts for 
the fact that only 0-73 of a gramme of fuel is 
used for testing purposes. On the completion 
of the trial, the instrument should be washed 
jout with water and dilute acetic acid, and then 
thoroughly dried. A very small quantity of 
vaseline should be used on the thread of the 
crucible, whilst the rubber gasket should be 
coated over with graphite or black lead, taking 
care that there is no free graphite which might 
drop into the crucible and affect the results. 
The instrument is easy to manipulate, but there 
are several points which must be carefully 
watched. If certain coals be ground too finely, 
the combustion may proceed with explosive 
violence. The constant of the instrument also 
varies for different types of coal, and whilst 
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one coal, say, of a bituminous nature, contain- 
ing about 35 per cent of volatile matter, might 
give excellent results, comparable with those 
obtained on the bomb calorimeter, another coal, 
containing only 16 per cent of volatile matter, 
might give results differing widely from the 
true figure. If possible, the instrument should 
be checked at first by determining the heating 
values of coals which have already been tested 
on the bomb calorimeter. 

In order to avoid the awkward operation of 
introducing the red-hot nickel wire into the 
crucible, modern calorimeters of this type are 
available which are provided with clockwork 
stirrers and electric ignition. A piece of fine 
nickel wire is used, as in the bomb calorimeter, 
stretching between two electrodes and dipping 
down into the mixture of coal and sodium 
peroxide. In any case, these calorimeters can- 
not be used for fuel oil, for which the bomb 
calorimeter is essential. When it is desired to 
determine the calorific value of fuel oil, a 
weighed quantity of the oil is poured on to a 
little pure white Calais sand in the platinum 
crucible of the bomb, after which the procedure 
is as usual. Another instrument which is used 
for testing the heating values of coals is the 
Rosenhain calorimeter, in which the coal is 
burnt in a lamp chimney, oxygen being supplied 
at atmospheric pressure, and the hot gases of 
combustion being allowed to escape through a 
body of water. Again, the rise in temperature 
of the water is made use of to determine the 
heating value of the fuel. 
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EFFICIENCY 


The efficiency of double helical gears has been 
shown by authoritative tests to be remarkably 
high. The efficiency depends to a large extent 
on the number of teeth and the tooth proportions, 
the frictional losses being naturally reduced as 
the pitch is decreased, other things being equal. 
The actual efficiency of transmission between the 


teeth has been shown in tests at the National 
Physical Laboratory to be in certain cases over 
99:5 per cent, and it is probable that most well- 
made high speed gears will give 99 per cent. To 
this, of course, must be added bearing losses, 
and in the case of large plants the power 
required to drive the pumps for the lubricating 
system, 
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FITTING AND ERECTING 
By JoserH G. Horner, A.M.I.MECH.E. 
LESSON VI Before commencing to fit, a preliminary 
examination is made to ascertain what depar- 
FASTENINGS tures from accuracy may exist in the key groove 
Keys. A large volume of key fitting is still cut in the boss, and that in the shaft. Almost 


done, though mass production has reduced it. 
To ensure the fit of keys in their seatings with- 
out corrections is not so easy a task as it might 
seem. There are diversities of forms, but the 
typical key is a wedge with a head that pro- 
jects from the face of the piece that it secures. 
It has to make a close fit with the shaft, with the 
groove in the wheel, pulley, coupling, or other 
article secured, both sideways and on the 
tapered back. For very light attachments the 
key beds on a flat on the shaft, but for all heavy 
construction it is recessed. In some degree, at 
high speeds, it produces an unbalanced drive, 
and a local strain on the shaft. In many cases, 
therefore, two keys are fitted, disposed on 
opposite sides of the shaft. In gear-boxes for 
machine tools and motor vehicles, four, or six 
keys are frequently used, but these are not 
wedge keys, but splines, commonly made 
solidly with the shafts along which the gears 
are slid. The strength of the shafts is main- 
tained, and increased slightly, and the driving 
is balanced. Sliding keys or feathers were 
originally, and are still, sunk into recesses cut 
in the shafts to receive them. 

Fitting Tapered Keys. This must be done in 
such a way that close contact occurs along the 
entire surfaces of each of the four sides. If 
they bear only on isolated spots, it will happen 
that the shocks and stresses to which rotating 
parts are subject will become compressed or 
worn, resulting in a loose fit. Hard driving in 
of the key will not lessen the mischief, and it 
may cause distortion in the more flimsy delicate 
mountings, with a resulting wobbling motion, 
and in some cases an actual fracture of a boss. 

A wedge key has taper on one face only— 
that which makes radial contact with the boss 
of the wheel or other fitting. The flat, or the 
recess in the shaft is parallel with its axis. 
Laterally, the key is parallel, making a close, 
though not a driving fit, but a push fit, or that 
effected with a very slight tapping, with the 
key oiled. This fitting is attended to, and dis- 
posed of before the tapered portion is dealt with. 


certainly, some errors will be found. Tools 
spring aside from the vertical when key grooves 
are slotted, and planing tools and milling 
cutters do not always cut parallel with the axes 
of shafts. Lines of tool marks may be left, and 
burrs or arrises along edges will cut the fingers, 
and interfere with a perfect fit if they are not 
removed. These faults must be looked for and 
corrected before the fitting in of the key is 
begun. The file will be used, and the accuracy 
of the results checked with gauges or suitable 
metal templets. 

After these corrections, the keys supplied 
will have attention. These may be forgings, 
rough from the smithy or the stamping shop, 
or they are, as is more frequently the case, sent 
from the machines, finished by shaping or mill- 
ing. A rough forging, or one that has not been 
tooled accurately, must be first examined, and 
filed close to size, working with calipers or gauge, 
preliminary to fitting it into its seatings. 

Details of Fitting. First, the lateral fitting is 
done, taking care that the sides of the key are 
parallel and square with the faces. Continuity 
of contact is tested with a thin film of red lead 
in oil smeared over the surfaces of the key groove 
with a bit of cotton waste, or with the finger. 
This, being transferred to the key, indicates the 
areas where contact occurs, and from which 
material has to be filed, continued until the key 
makes a push fit in its groove. At the same 
stage, the bedding of the key on the bottom of 
its groove is tested, and corrections are made, 
leaving until last the fitting of the taper to that 
of the wheel or other attachment. Some time 
and labour may be saved, when a key is con- 
siderably over size, by taking measurements of 
the depth of the key space at each end of the 
boss and comparing the thicknesses of the key 
at its corresponding locations. Then it can be 
reduced rapidly by filing or grinding before the 
precise fitting is begun. The driving of the key 
during test should be light, because metal in 
hard contact with metal, especially when of the 
same kind will seize, rendering removal difficult. 
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The key is therefore oiled, or powdered chalk is 
dusted over it. Any chance filings must be 
wiped off before re-insertion. 

Removing Keys. The driving back of a key 
out of its bed is effected differently, according 
to the shapes of the related parts. The sim- 
plest and commonest method is to use the key 
drift, Fig. 35, which enters the groove and is 
driven against the end of the key with the 


Fic. 35. THE UsE oF A KEY DRIFT 


hammer. But if the groove in the shaft ter- 
minates with the face of the boss the method 
‘cannot be adopted. Then a choice of two 
devices is usually practicable. If a wheel or 
pulley has open arms, and the boss is small, then 
a bit of straight bar can be inserted between 
arms at an angle and driven against the head 
of the key. If this is impossible, a wedge can 
be driven transversely between the head and the 
boss face. Fig. 36. Or the jaw of a spanner can 
be slipped between the head and the boss face, 
and the key be drawn out with leverage, or 
with hammer blows delivered against the handle 


Fic. 36. REMOVING A KEY WITH 
A WEDGE AGAINST THE HEAD 


of the spanner. If the key is well supported on 
its bed in the shaft, as in Fig. 36, outside the 
face of the wheel no further precaution is 
necessary. But if the key head overhangs then 
it might become bent or strained by the forcible 
extraction. It is well then to get a helper to 
hold up a heavy hammer under the projecting 
head of the key, 

It sometimes happens that the difficulty of 
extracting a key may be got round by knocking 
the wheel off its key. With a stout boss or a 
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coupling this may be adopted, but a light deli- 
cate boss might become fractured. Dropping 
a little oil around the end, and allowing it to 
work in by capillary attraction, will facilitate 
the extraction of tight keys, or the hammering 
back of a boss. Not infrequently it happens 
that the driving in of a key causes a gear wheel 
or a pulley to run out of truth. The reason is, 
that the fit of the bore on the shaft is loose, and 
then the pressure of the key causes the bore to 
bear more hardly on one side of the shaft than 
on the other. The fitter can do nothing in this 
case, except to substitute another shaft or pulley 
that will make a closer fit. 

Feather Keys. A large group of keys have 
no heads, being plain wedges only, used at some 
distances away from the ends of shafts, in cases 
where a projecting head would be inconvenient 
or impossible. These are the sunk keys, that 
is, they are fitted into recesses cut in their shafts 

(Fig. 37), and have no freedom of endlong 
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Fic. 37. A SUNK KEY 


movement. The wheel or other fitting is slid 
and driven over the key. The keys have semi- 
circular ends, so shaped partly because the 
grooves in the shaft are cut with slot drills, and 
also because keen angles are invitations to 
cracks and fractures. 

The fitter rounds the ends of the key to make 
a close contact with the ends of the slot, and, 
if necessary, files the sides until the key fits into 
the slot with light tapping of the hammer. At 
the final driving in, care must be taken to see 
that the key beds fairly on the bottom of its 
seat, which is apparent by the dead character 
of the final blows. Also to be sure that no 
filings or grit are allowed to get between the key 
and its seat. Then, if screws are used, they will 
be inserted, the wheel is fitted by sliding it, or 
the shaft is thrust into the wheel, with light 
taps of the hammer, oil being rubbed over the 
shaft to prevent seizing. 

If much material has to be removed from the 
top, bevelled face of the key, a tentative mea- 
surement may be taken. A pair of inside calipers 
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is set to take a measurement from the bottom 
of the key seat in the wheel to the opposite wall 
of the bore. This dimension being transferred 
to outside calipers, these are used to measure 
the difference between the distance across from 
the outside of the shaft to the face of the key. 


Fic. 38. KEYING THROUGH LARGER AND SMALLER BORES 


When these dimensions are brought into very 
approximate correspondence, then the wheel 
may be driven over the key lightly, and correc- 
tions made. In all cases a block of hard wood 
must be interposed between the hammer and the 
metal, to lessen the jar, and risk of the cracking 
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of slender arms or other portions, and to prevent 
bruises. 

The long drums used on cranes have two 
keys, in bores at opposite ends. In all cases 
of this kind the two bores differ by a moderate 
amount (Fig. 38), say, ł} in., to avoid forcing 
the entering end of the 
shaft through the first hole 
in its passage to the farther 
one. The fit in the latter 
only occurs when its portion 
of the shaft meets it. 

The sliding form of feather 
key differs from the preceding in the absence 
of a taper face, its function being to permit of 
the sliding of a gear, or clutch along it. It is 
fitted into a recess in the shaft with convex 
ends, and is usually secured with screws haying 
countersunk heads. 


DIESEL ENGINES 


CONSTRUCTION, OPERATION, AND MAINTENANCE 


By A. Orton, A.M.I.Mecu.E. 


LESSON V 


THE TWO-STROKE DIESEL 
ENGINE 


The Two-Stroke Diesel Engine. The essential 
features of this type are represented in Fig. 7, 
which illustrates diagrammatically what is 
known as the valve scavenging type of engine, 
thus named because the air enters the cylinder 
through valves in the head, whilst the exhaust 
gases flow out through ports around the circum- 
ference of the cylinder. An alternative type in 
which the fresh air enters and the exhaust gases 
flow out through ports in the cylinder walls will 
be described later. 

In Fig. 7 the events of the cycle are shown in 
four stages, as follows— 

I. At A, the piston is shown just beginning 
its upward stroke. The inlet valves in the head 
are open and the exhaust ports are uncovered. 
Fresh air is flowing in and the exhaust gases are 
being discharged, this action being assisted by 


the fact that the fresh air is supplied to the 
inlet valves at a slight positive pressure. 

2. At B, the piston has moved up some dis- 
tance. The exhaust ports are covered and the 
inlet valves are closed. Compression, there- 
fore, is taking place and, at the end of the 
stroke, about the same pressure and temperature 
are reached as in the four-stroke engine. 

3. The piston is shown at C moving on its 
downward and working stroke. Fuel has been 
injected and combustion has taken place exactly 
as in the four-stroke cycle, and the gases are 
expanding. 

4. At D, the piston has just uncovered the 
exhaust ports and the gases are flowing out 
rapidly to atmosphere, for at this moment there 
is still considerable pressure in the cylinder 
which, however, quickly diminishes almost to 
that of the atmosphere. After the piston has 
uncovered a certain portion of the exhaust 
ports, the inlet valves in the head open, admit- 
ting fresh air, which drives the exhaust gases 
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before it, as it fills up the cylinder from the top, 
and thus scavenges the cylinder of practically 
all the products of combustion. This scaveng- 
ing action continues until the exhaust ports are 
again closed by the piston moving upwards, 
after which point the inlet valves close and the 
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Exhaust 
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An B. 
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cylinder is again full of fresh air ready for com- 
pression. 

Corresponding to Fig. 5 for the four-stroke 
cycle, Fig. 8 gives an indicator diagram repre- 
senting the two-stroke cycle. In this case we 
see that the point B corresponds to the position 
when the piston is at the bottom of its stroke, the 
pressure being practically that of the atmosphere. 
The piston beginning its upward stroke moves 
from B to C, at which point the exhaust ports 
are covered, while almost immediately after- 
wards, at D, the scavenge valves close, the 
pressure in the cylinder being then about equal 
to that of the scavenge air supply. The cylin- 
der is then full of fresh air and from this point 
onward, DE represents the compression, EF 
the combustion at sensibly constant pressure, 
and FG the expansion, all of which occur 
exactly as in the four-stroke engine. At G 
the exhaust ports are uncovered by the piston 
and the pressure drops quickly, so that at 
point H, when the scavenge valves open, it is 
about the same as that of the scavenge air 
supply. At H the greater part of the exhaust 
gases have gone out, and from that point 
to B, and then to C, scavenging is taking 
place. 

Proceeding now to a more detailed considera- 
tion of the separate elements of the two-stroke 
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cycle, we need only refer at length to those 
which differ materially from their equivalent in 
the four-stroke cycle. 

Scavenge. When the scavenge valves open, 
the cylinder is full of exhaust gases at a pressure 
about equal to that of the scavenge air, which 
in practice varies from 14 to 4 lb. per sq. in. 
During the scavenge period the incoming air is 
in direct contact with these hot gases, and 
receives a certain amount of heat from them, 
but probably very little as the time of contact 
is extremely short. During the same period the 
pressure of the scavenge air in the cylinder falls 
to a little above that of the atmosphere, with 
which it is in direct communication through the 
exhaust ports. The net effect of this is that, at 
the point where the exhaust ports close, the 
pressure and temperature in the cylinder will 
not differ very greatly from those at the begin- 
ning of compression in a four-stroke cycle engine. 
Also, in a well-designed engine little exhaust 
residue remains in the cylinder. After the 
exhaust ports are covered, air continues to enter 
through the scavenge valves until, at the mo- 
ment when they close, the pressure in the cylin- 
der has been raised practically to that of the 
scavenge air supply at that particular moment, 
perhaps I4 to 24 lb. per sq. in. above atmosphere. 
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INDICATOR DIAGRAM OF TWO-STROKE 
DIESEL ENGINE 


Fie. 8. 


At this point compression begins, and on 
referring to Fig. 8 we see that the true compres- 
sion ratio is the ratio of the horizontal distances 
OD and OA. The distance AD, representing 
the compression period, is usually about 80 per 
cent of the full stroke AB. 

We could, therefore, estimate the volumetric 
efficiency in the same way as already indicated 
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for the four-cycle engine, if we assumed reason- 
able values for the pressure and temperature of 
the cylinder contents at the point D. The chief 
- factor in determining the volumetric efficiency 
is the value of the pressure, and this is con- 
trolled by the relative capacity of the scavenge 
air pumps. The larger these are the higher is 
the initial pressure, and the greater the weight 
of air forced into the cylinder. Of course, this 
effect is produced at the expense of greater 
mechanical work done by the air pumps, and 
consequent reduced mechanical efficiency of the 
whole engine. It is important, therefore, to 
reduce the quantity of scavenge air to the least 
possible consistent with reasonable scavenging 
efficiency. 

During the scavenging process a certain 
amount of mixing of the fresh air and the 
residual gases will occur. Such mixing, how- 
ever, as does take place, is not considered of 
material consequence, especially in engines of 
the type where the fresh air enters at one end 
of the cylinder and drives the exhaust gases out 
at the other, thus acting like an air piston. In 
any case, it is certain that in a good modern 
engine the volumetric efficiency is of a high 
order, and can be quite equal to that of the 
four-stroke cycle. 

Compression, Injection, Combustion, and Ex- 
pansion. These parts of the cycle do not differ 
materially from those of the four-stroke cycle, 
and therefore call for no special comment. It 
might, however, be noticed that since the initial 
pressure at the beginning of compression is 
rather higher, due to the slight supercharging 
effect of the scavenge air, then, if we assume the 
same initial temperature, the final pressure of 
compression must be rather higher also, in order 
to obtain the same final temperature of com- 
pression. This, however, is a small point as 
there is no hard and fast rule in regard to the 
compression ratio, the normal practice being 
such as to leave an ample margin of temperature 
to cover any slight differences in that respect. 

Exhaust. Exhaust and scavenging are inti- 
mately connected. The time available for these 
actions is very short, hence the necessity for a 
positive pressure supply of fresh air to drive 
out the gases and recharge the cylinder. As 
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regards the temperature of the exhaust gases, it 
may be stated that if the oil consumed per 
cycle is the same per unit weight of air used as 
in the four-stroke cycle, then the exhaust 
temperature will be approximately the same also. 
In practice, however, the weight of air used is 
generally greater in proportion, and thus the 
temperatures as measured in the gases flowing 
out of the engine are lower. Exact determina- 
tion of the exhaust gas temperature in a two- 
stroke engine is, however, a somewhat difficult 
matter, owing to the cooling effect of excess 
scavenging air. 

Higher Mean Temperature of Two-stroke 
Cycle. From the above brief considerations it 
would appear that the two-stroke engine should 
be capable of burning twice as much fuel, and 
consequently developing twice as much power 
per revolution as a four-stroke engine of the 
same stroke-volume and speed. In practice, 
however, this is not generally the case, mainly 
due to temperature considerations. The maxi- 
mum temperature of the cycle is usually rather 
lower than that of the four-stroke cycle, due to 
the larger proportion of air to fuel, as mentioned 
above, but, since there are two combustions for 
every one in the four-stroke cycle, the mean 
temperature is very much higher, probably 200° 
to 300° F. This increases the liability to over- 
heating and, in order to avoid this trouble, it 
is usual to adopt a mean indicated pressure of 
from 70 to go per cent of that customary in the 
four-stroke engine. It must be said, however, 
that by adopting very effective methods of 
cooling the parts which are exposed to the heated 
gases, this difficulty may be largely overcome, 
and the power rating can be brought up to 
that mentioned as normal for a four-stroke 
engine. 

This does not remove the inherent disadvan- 
tage of the higher mean temperature, for the 
same methods applied to the four-cycle would 
enable correspondingly higher powers to be 
developed without reaching the same limiting 
mean temperature and, in fact, by adopting on 
the four-cycle the same methods of super- 
charging as used on the two-cycle, greatly 
increased output can be obtained without any 
increase in the temperatures of the cycle. 
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By W. G. DuNKLEy, B.Sc. 


LESSON V 


STRETCH OF BELTING, EFFECT 
ON INITIAL TENSION 


Stretch of Belting. We have touched briefly 
on the determination of the necessary initial 
belt tension. Before we consider this important 
factor more fully we must learn something about 
the behaviour of a belt under tension, as regards 
its elastic or stretching property. Now we 
assume you know that with any material, stress 
produces strain, that is, change of initial length. 
With an elastic material the strain is propor- 
tional to the stress up to what is termed the 
elastic limit, and if the load is removed the 
material will return to its original length. These 
elastic conditions do not hold good for leather 
belting. 

Experiment on Stretch of Belting. Mr. 
Wilfrid Lewis gives the following results of an 
experiment : A length of leather belting, 92 in. 
long, I sq. in., in cross-sectional area, elongated 
4 in. when the load was increased by 50 lb. from 
roo to 150 lb., and only 4 in. when the load was 
increased by 50 lb. from 450 to 5001b. The 
amount of stretch also varied with the length of 
time the load was applied. 

Effect on the Sum of Belt Tensions. Owing 
to the above variation of stretch for the same 
additional load when a belt begins to drive, the 
reduction of tension on the slack side is of less 
amount than the increase of tension on the tight 
side. The sum of the two tensions T and ¢ does 
not therefore equal the sum of the two initial 
tensions ¢,, which would be the case were the 
leather a perfectly elastic material. 

Effect of Permanent Stretch. The point we 
wish to direct attention to, however, is the 
effect of permanent stretching of the belt. Let 
us consider a simple illustration. Suppose a 
belt is stretched over two pulleys so that the 
initial tension is, say, 200 lb., and let the belt 
have stretched, say, 2in. Now let us consider 
the effect of permanent stretch in the belt. 
What is meant by permanent stretch? It 
means the stretch that remains after the load 
is taken off. Suppose, therefore, the above 
belt becomes permanently stretched by the 


2in. of stretch it received. There would then 
be no tension in the belt. Suppose only part 
of the initial stretch becomes permanent. This 
means that the initial tension required to stretch 
the belt over the pulleys has been reduced. So 
we see that permanent stretching of the belt 
causes a loss of tension. Now the greater the 
stress in a belt, the greater the possibility of 
permanent stretch, and the greater the value 
of the permanent stretch which occurs. So you 
see that if you stress your belt too highly you 
must expect permanent stretch, and you will 
then lose your initial tension. Now we have 
already seen, that if we are to have sufficient 
difference of tension to provide the necessary 
lifting torque, that there is a minimum initial 
tension which must be maintained if the belt 
is not to slip before it picks up the load. So 
that if the belt stretches permanently, and an 
initial tension drops below the necessary mini- 
mum, the belt will begin to slip. 

Mr. Taylor’s Results. We shall now give 
some actual figures which are given by Mr. 
Fred. W. Taylor in the Transactions of the 
American Society of Mechanical Engineers, 
Vol. XV. These are very important practical 
results, since Mr. Taylor studied the working of 
the belts in a machine shop over a period of 
nine years. 

1. With a double leather belt, tightened 
initially to 71 lb. per in. of width, and subjected 
to an additional load of 75 Ib. per in. of width 
on the driving side, the tension fell in 24 months, 
due to permanent stretch, so that at rest the 
tension was 33 lb. per in. of width. Average 
initial tension during 24 months = 46 Ib. per in. 
of width = 150 lb. per sq.in. Average maxi- 
mum load on driving side = 111 lb. per in. 
width = 358 lb. per sq. in. 

2. With a double leather belt, tightened to 
71 lb. per in. of width, and subject to an addi- 
tional working load of 26 lb. per in. width, the 
initial tension fell to 2I lb. per in. width in 
22 months. Average initial tension = 28 lb. 
per in. width = go lb. per sq.in. Average 
maximum load = 84 lb. per in. width = 174 lb. 
per sq. in. 

3. Under the loads given in (1) above, the 
stretch during the first 6 months is 36 per cent 
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of the entire stretch before the belt becomes 
useless, and under the loads given in (2) the 
stretch during the first 6 months is 15 per cent 
of the entire stretch. 

4. Under the loads in (1) the belt will stretch 
0:47 per cent of its length before requiring to 
be tightened, and under the loads given in 
(2) o-8r per cent. 

Summary of Results. Mr. Taylor found that 
the stretch of leather belting could be divided 
into three periods.— 

I. A period of unequal stretch during which 
rapid stretching occurs, requiring frequent 
tightening of the belt. This unequal stretch 
gradually becomes less. 

2. A period of uniform stretch lasting until 
the belt requires more or less frequent repairs. 

3. A period of uneven stretching. Some por- 
tions stretch more than others, or possibly the 
fibres of the belt begin to yield. Repairs become 
necessarily more frequent. 

It will be seen from the above that it is really 
the permanent stretching of the belt, which is 
going on all the time, which really kills the belt. 
The distinction between, say, a bar of steel and 
a leather belt under tension should be noted. 
A bar of steel loaded below its elastic limit 
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will take a stretched position, and remain at its 
new length under that load for an indefinite 
period. A leather belt is taking a permanent 
set all the time, and so goes on stretching as 
the stress is maintained. 

Effect of Increasing the Initial Tension. Now 
we have seen that the slipping of the belt can 
be overcome by increasing the initial tension 
and, consequently, the slack side tension. On 
the other hand, when the necessary initial ten- 
sion has been reached at which slipping does not 
occur, any further increase in the initial tension 
simply increases both the tight and slack side 
tensions, the driving load or difference between 
the tensions remaining the same since this is 
determined by the work done. Therefore, 
excessive initial tension means excessive maxi- 
mum tension, and means unnecessary stretch- 
ing, and shortens the life of the belt. There 
must necessarily be some excess initial ten- 
sion to allow for the fall of initial tension, due 
to the permanent stretch which we have seen 
must occur. It is very evident, therefore, 
that we have to give this question of the 
stretching of the belt serious consideration 
when determining the ailowable loads on our 
belts. 


ENGINEERING SPECIFICATIONS 


By ARTHUR P. Hastam, M.1.E.E, 


LESSON III 
THE B.E.S.A. AND ITS WORK 


Ir was mentioned in the first of these articles 
that for many years leading engineers had 
devoted much time and thought to the subject 
of securing, by specification and tests, ample 
and uniform supplies of engineering materials. 
For a long time these efforts were personal and 
somewhat spasmodic, but in January, 1901, Sir 
John Wolfe Barry, K.C.B., proposed that the 
Institution of Civil Engineers should appoint a 
committee to consider the question of preparing 
definite specifications for various iron and steel 
sections for engineering work. 

The idea was to reduce the number of sections 
in general use, simplify them as far as possible, 
and, by eliminating special manufacturing 


charges, to reduce the cost of the higher quali- 
ties of engineering materials. 

A committee of seven eminent engineers was 
appointed, and they at once proposed to the 
Institution of Civil Engineers that the co-opera- 
tion of the Institution of Mechanical Engineers, 
the Institution of Naval Architects, and the Iron 
and Steel Institute should be obtained. All 
agreed to join in the work, and were granted 
representation on the committee. Mr. James 
Mansergh was appointed chairman of the com- 
mittee, and acted as such until ill-health forced 
him to relinquish it in 1905. He was succeeded 
by. Sir John Wolfe Barry, who held the post till 
his death in February, 1918. Since that date, 
Sir Archibald Denny, Bart., has held the posi- 
tion. Mr. Leslie S. Robertson was secretary of 
the committee from its formation in rgor until 
he was drowned in the sinking of H.M.S. 
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“Hampshire” in 1916, since which date Mr. 
C. Le Maistre, C.B.E., who has been connected 
with the organization almost since its inception, 
has been secretary. Mr. Tudsbery has acted 
throughout as honorary secretary. Early in 
Igo2, the Institution of Electrical Engineers 
agreed to co-operate, and appointed two mem- 
bers to the committee, and more recently 
the main committee has been strengthened 
by representatives from the Institution of 
Automobile Engineers, the Board of Trade, 
the National Physical Laboratory, and the 
Department of Scientific and Industrial Re- 
search. 

There are at the present time thirty members 
of the main committee, twenty-one of them 
nominated by the above technical institutions, 
six being co-opted and three represent the 
Government departments. 

The main object of the B.E.S.A. is to prepare 

| British standard specifications which shall 
ensure such satisfactory results that British 
industry, both at home and abroad, shall be 
benefited. It does not initiate standardization, 
but waits until a request is made to it by a 
representative technical or trade organization, 
or by a Government department. In its own 
words, its procedure is then as follows : “ Before 
the main committee appoints a committee to 
study the subject, it authorizes the holding of 
a representative conference of all parties con- 
cerned, in order to be perfectly certain that there 
is a concensus of opinion favourable to the 
work going forward. All concerned are invited 
to take part in the preparation of the specifica- 
tion, and before its final issue it is submitted 
in draft form and in sufficient numbers to the 
various trade organizations or other interested 
bodies, so that they may have a further oppor- 
tunity of passing in review the proposed speci- 
fication and assuring themselves that it meets 
their general requirements.” , It is only after 
general agreement has been reached that the 
main committee itself considers it and passes it 
for publication. There are now over 470 sec- 
tional, sub-, and panel committees, and well 
over 2,000 leading engineers and business men 
giving their time and experience to this work, 
without.fee or recompense, not even travelling 
expenses being paid by the association. 

The first work of the committee was the sim- 
plification of steel sections, or profiles as the 
colliers call them, which has meant a very large 
saving to the steel industry and the country, 
and a reduction of the number of rolls which 
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have to be kept in stock. The subjects which 
have been referred to the committee for con- 
sideration have been gradually increased, until 
there are now very few materials in ordinary 
use they have not had at some time under 
consideration. One of the earliest efforts of the 
committee was to register a mark which could 
be stamped upon articles made in accordance 
with its specifications. Since the formation of the 
association, the Board of Trade has approved 
the conditions, under which manufacturers 
can be licensed to use the trade-mark of the 
association. In order to avoid confusion with 
the mark which was formerly used by the 
engineering standard committee, and applied to 
goods without a licence, the trade-mark B.E.S.A. 
has been registered in every class, and licences 
can be obtained to use this mark on material 
and apparatus made in accordance with many 
of the B.E.S.A. specifications. 

In 1918 the committee was incorporated 
under the Board of Trade as a limited company, 
with permission to omit the word “ Limited.” 
Its objects, amongst others, were stated to be : 
“To co-ordinate the efforts of producers and 
users for the improvement and standardization 
of engineering materials, to take measures to 
promote cordial relations between members and 
other persons interested in the object of the 
association, and to prepare and promote the 
general adoption of standards in connection with 
engineering structures and materials and, as 
required, to revise, alter, and amend these 
standards.” 

The success of the B.E.S.A. has been con- 
tinuous and well deserved. It has won public 
confidence by strictly carrying out its original 
aims of co-operating with the manufacturers 
and suppliers most concerned with the particu- 
lar material under consideration. The com- 
munity of interest of producer and user has 
always been kept in mind and used as the 
keystone of its operations. 

The B.E.S.A. is not a profit-making concern. 
At the present time the direct expense of carry- 
ing on its work, is about £16,000 per year, 
while its-indirect cost is nearer £40,000 for the 
same period. It obtains its income from grants 
made to its funds by the great technical institu- 
tions under whose auspices it was founded, 
subscriptions from Government departments, 
Municipal engineering undertakings, rade 
associations, railway companies, and a large 
number of private firms. The range covered 
by these associations and companies is sufficient 
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testimony to the value of the work carried on 
by the association. 

Recently, in order to obtain sufficient means 
to widen its range of work, it has been decided 
that personal membership of the association 
shall be given to individuals subscribing a mini- 
mum of two guineas a year, such members 
having the right to apply to the organization 
for advice on all matters of specifying materials 
for specific purposes. The work of the associa- 
tion is by no means confined to the preparation 
and issue of specifications, it controls the use of 
its special mark, forms a centre round which all 
matters relating to the suitability of materials 
for engineering use can be discussed or settled, 
advises Government departments, and large 
users of materials when required, and trans- 
lates into foreign languages its specifications, 
. and is issuing these translations to an increasing 
extent. It is universally recognized that work 
carried out in accordance with B.E.S.A. recom- 
mendations can be relied on for quality, while 
the tests and dimensions it imposes permit 
production to be carried out on a larger scale and 
with fewer variations in finish, and so very 
considerably cheapens the cost. In these ways 
it aids in the promotion of trade. 

B.E.S.A. specifications of materials are now 
adopted and used by nearly all the Government 
departments, the buying departments of most 
of the Overseas Dominions, the leading railway 
companies at home and abroad, as well as many 
other smaller undertakings. 

Even before the war, five of the largest steel 
works in the country reported that 95 per cent 
of their output was made in accordance with 
B.E.S.A. standards. In the direction of stand- 
ard locomotives for Indian railways, within 
eight years of the issue of the first report of the 
committee on the subject, 1,600 broad-gauge 
and 700 metre-gauge engines were built in 
accordance with its recommendations. In 1913, 
95 per cent of the total national output of 
Portland cement of approximately 3,000,000 
tons was made to B.E.S.A. specification, and 
the proportion is not greatly varied to-day. 

It would be difficult to detail the range of 
present-day activities of the association. In 
the first years of its existence it devoted its 
attention to the sizes and properties of rolled 
steel joists for structural work, the sizes and 
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section of tramway rail and fishplates, tubular 
tramway poles and Portland cement. In later 
years, electrical machinery and accessories, 
automobile materials and accessories, aircraft 
requirements, limit gauges, copper conductors 
for various purposes, and many other matters 
have received attention. 

In their last annual report the B.E.S.A. 
state that during the year, fifty-four new or 
revised specifications have been published, and 
that the sales of individual specifications at Is. ` 
per copy during the year was 58,405 copies. 
From time to time the older specifications are 
revised in the light of experience and new 
knowledge, and the principal sectional commit- 
tees dealing with them are kept in being. In 
many cases, the association, at the request of 
its committee, initiates experiments to supply 
reliable data upon which to base their recom- 
mendations, and these are carried out at the 
National Physical Laboratory, or by private 
firms under the supervision of the latter body. 

The policy of translating as many specifica- 
tions as possible into foreign languages, and 
distributing with a free hand copies amongst 
foreign buyers, is thoroughly to be commended. 

It is interesting to know that following on 
the success of our British association, the 
Americans have developed a separate associa- 
tion working on generally similar lines. The 
benefit to British trade of the work of the 
B.E.S.A. during the past twenty-five years is 
incalculable. It stimulates home business and 
helps to secure foreign trade. In so doing it 
works along a line which helps alike buyer and 
manufacturer. The manufacturer by being 
surer of his market can produce high-class 
material in greater bulk and, consequently, at 
a lower cost, and the buyer can obtain at short 
notice, and of uniform high quality, the materials 
he requires. In the case of structural steel and 
ironwork, the published particulars of standard 
sections and details enables work to be planned 
and carried out on more economical lines than 
heretofore. 

It will be observed that in all its work, the 
B.E.S.A. deals in its specifications principally 
with the technical conditions necessary for the 
supply of the particular material or apparatus 
specified, and it does not occupy itself with 
standard rules for general conditions of contract. 
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BLAST FURNACE PRACTICE 


By Percy C. R. Krinescort, D.I.C.. A.R.C.Sc., F.1.C., B.Sc.(Lonp.) 


LESSON IV 
THE FURNACE—(contd.) 


Bustle Pipe. This pipe consists of a cylindrical 
plate steel tube lined with brickwork, 9-12 in. 
thick, and completely encircles the furnace in 
the neighbourhood of the top of the bosh, being 
connected to the hot blast mains and to each 
tuyere. 

It is a heavy structure, and is usually 
suspended by straps and brackets from the 
shell, or sometimes supported on the furnace 
columns. The diameter depends upon the size 
of the furnace and the volume of blast, but the 
internal diameter between the firebrick lining is 
usually 24~30in. The blast enters the bustle 
pipe from the hot blast main, which should 
enter it at right angles with a long straight 
lead-in ; this pipe is also firebrick lined, and of 
sufficient strength to withstand the pressures of 
blast. The latter enters the furnace at the 
tuyeres, which are joined to the bustle pipe by 
a series of pipes, shown in Fig. 14. 

The Goose-neck, sometimes termed the pen- 
stock, is a firebrick-lined casting, usually sus- 
pended in such a manner that it can be swung 
backwards to enable the operators to remove 
the belly-pipe. When in position, the goose-neck 
is held firmly against the latter by a variety of 
methods, a typical example being shown in 
Fig. 14, where the goose-neck is held in position 
by a heavy spiral spring and rod fixed to the 
hearth jacket. The goose-neck is also provided 
with an opening which, during operations, is 
closed by means of a door held firmly in position 
against machined faces. This door is of 
numerous designs, and is provided with a peep- 
hole made of blue glass ; the example shown in 
Fig. 14 is provided also with a smaller door, 
through which can be inserted iron bars for 
cleaning the belly-pipe. This series of doors is 
sometimes termed the wicket, and nearly every 
plant has its own individual type. 

The Belly-pipe, or blow-pipe, is a cast tube 
usually 4 or 5 ft. long, being slightly tapered 
from the goose-neck to the tuyere. It is pro- 
vided with ball- and cup-jointed ends in order 
to facilitate blast tight connections between the 


goose-neck and the tuyere respectively, both the 
latter being similarly machined. 

Gas Valves. The furnace top is provided with 
one or more vertical tubes, usually connected to 
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Fic.) 14 
Showing section of bosh, lintel plate, well, foundations, 
tuyere zone, bustle pipe, goose-neck, belly pipe, and inspec- 
tion and cleaning doors 


the downcomers, which serve the purpose of 
allowing gas above the normal pressure and 
quantity to escape. They are variously called 
bleeders, torches, and candles, and are closed at 
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the top with simple door valves, working on a 
hinge against a counterweight. They can also 
be opened by line from below. (See Fig. 4.) 
Sometimes additional explosion doors are 
arranged near the top of the furnace immedi- 
ately below the charging level, the correct 
design being that which sets the normal closed 
position of the door nearly horizontally. These 
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steel cylinder of such a size that the entering 
gases suffer a large decrease in velocity, and are 
thus caused to deposit a large proportion of the 
dust carried over from the furnace. The dust 
is removed at intervals through an opening at 
the bottom to which is affixed a chute and slide 
or bell valve. The gas usually enters the dust- 
catcher tangentially and leaves at the top. 


IG. I5A. 


doors have been largely superseded by the 
valves at the tops of the larger number of 
bleeders. 

Downcomers. The gas is taken from the 
furnace by means of one or more tubes, the 
diameter of which depends on the size of the 
furnace. However, the volume of gas should 
not be productive of high speeds of travel, 
otherwise much dust is carried over with it. 
The downcomers are sometimes brick-lined, and 
generally join up into one tube which enters the 
dust-catcher. 

The Dust-catcher -consists of a large vertical 


GAS CLEANING PLANT 


Latterly, dust-catchers have been increased in 
size owing to the higher rate of production of 
gas. They are usually brick-lined. 


Gas CLEANING 


With the ordinary type of dust-catcher, the 
coarse dust only is removed, a large amount of 
fine dust and fume going forward through the 
crude gas tubes, as in older practice, to the 
boilers and hot-blast stoves, in the combustion 
chambers, etc., of which there gradually accu- 
mulated large quantities of dust. In order to 
remove this source of trouble and expense, 


BLAST FURNACE PRACTICE 


particularly since the advent of the gas engine, 
blast furnace gas is now subjected to further 
treatment in a gas-cleaning apparatus, of which 
there are several types, both wet and dry, in 
operation. 

The earliest type consisted of an ordinary 
dust-catcher provided with water sprays, which 
caused a proportion of the dust to be washed 
out of the gas. 


DRY-CLEANING PLANTS 


An objection to the wet process is the unavoid- 
able loss of sensible heat in the 
gas. In order to conserve as 
much as possible of this heat, 
several plants have been devised 
of which some clean the gas suffi- 
ciently for boilers and stoves, and 
others down to an exceedingly 
low dust content. The former 
type include gas whirlers, such as 
the Kennedy, the Dyblie, the 
Roberts, the Brassert-Witting, and 
the Brassert modifications of the 
latter, in which the gas is given 
a rotary whirling motion through 
an annular space, later coming 
into contact with baffle plates 
set round the perimeter of the 
whirler, where the dust is abstrac- 
ted and dropped to the bottom, 
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previously experienced with a multiplicity of 
mechanical parts. The suction and counter- 
blast valve together with the shaker are all 
operated by a compressor driven from the motor 
required for the screw conveyor. 

During the bag-cleaning operation the shaker 
gives a series of vertical shakes to the bag- 
supporting frame, at the same time operating a 
valve which admits hot clean gas under slight 
pressure to the filter compartments. This gas, 
passing in through the bags, carries the dust 
adhering to the inner surface into a dust cham- 
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which is provided with an outlet 
and cone valve. The gas velocity 
is gradually increased until a 
point is reached where it is 


catcher. 


. Gas inlet from the furnace dust- J. Clean gas delivery main. 
i K. Final cooler for gas engine supply. 
B. Precooler in which the temperature L. Final dryer for gas engine supply. 


suddenly expanded and its direc- $. 
tion of flow altered. 

In the second type is the E. 
Halberg-Beth cleaner, where the a 
gas is filtered to a high degree of | 
purity through close texture cot- 4 


of the hot gas is reduced to a suit- 
able figure. 

Cooled gas collecting main. 

Preheater, necessary to ensure dry gas 
in the filter bags when the gas is 
initially very wet. 

Dust chamber with screw conveyer. 

Filter compartment containing the 
bags open at the bottom for the 
entrance of the crude gas. 

Clean gas suction mains. 


. Main fan, which discharges into the 


clean gas delivery main leading to 


pO 


M. Delivery main for gas engine supply. 
. Mechanical shaking gear for perio- 


dically removing the dust from 
the bags. This operation is as- 
sisted by a reverse current of hot 
clean gas controlled by valve 
“oO” 


Change-over valve for counterblast 
(reversed gas current for cleaning 
bags). 

Reheater for counterblast. 

Small fan for counterblast. 

Dust hoppers. 


ton fabric bags. The latter are 
open at the bottom, or gas 
inlet, and supported by a steel 
cap at the top. The latest form of plant has 
32 such bags, I0 ft. long x 8in. in diameter, 
arranged in single steel plate compartments 
provided with valves for isolation, and clean- 
ing doors. Twenty compartments in a row 
constitute a unit. The bags in each compart- 
ment are hung from a light steel frame, and 
connected to the shaking mechanism by a 
bolt passing through a gas-tight gland. The 
shaking mechanism is now operated by com- 
pressed air, thus obviating the difficulties 


the stoves and boilers, or to final 
cooler and dryer for gas engines. 


ber under the filters, whence it is removed by a 
screw conveyor into dust hoppers. Fans, with 
electrical drive, supply the necessary suction 
(4 in. w.g.) to the gas which must be cooled to 
about 100° C., either in pre-coolers or in modified 
Green’s economizers with arrangements for 
removal of the dust. It is important that the 
gas passing the bags should be at a temperature 
well above the dew-point, hence it is raised in 
temperature before entering the compartments 
in a pre-heater operated previously by low 
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pressure steam, but recently by the products of 
combustion from a furnace burning clean gas. 
The gas is cleaned from a content of 6-10 
grms. per cubic metre to that of -002 grms., 
but needs further cooling for engine use, being 
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delivered to stoves at a temperature of about 
70°C. The arrangement of the plant is shown 
in Fig. 15A, whilst Fig. 158 shows clearly the 
operation. These diagrams are supplied. by 
Messrs. Fraser & Chalmers, Ltd., Erith, manu- 
facturers of the apparatus. 

The Kling-Weidlin cleaner consists of a series 
of steel fibre mattresses through which the gas 
is passed. A typical example at the Ford 
Company’s works consists of 3 layers of mat- 
tresses, the bottom being 6 in. thick, the second 
43in., and the top 3in. thick. The density 
of the packing is greatest at the top layer. 
The mats are separated by steel mesh screens, 
which tend also to spread the blows given by the 
shaking gear.. The gas is automatically cut off 
for a predetermined length of time from each 
chamber in turn, and hammer blows adminis- 
tered to the mats by shakers. This system does 
not remove sensible heat from the gas. 

Electro-static methods are based upon the 
independent researches of Lodge and Cottrell, 
whose methods are alike in principle. The 
Lodge process consists of a number of chambers 
supplied with discharge grids. Vertical plates, 
to ft. long, are hung in the gas chambers and 
spaced at gin., between them being iron rods 
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or tubes carrying short cross rods. Electric 
discharge at high voltage passes through’ 
insulators to the latter causing dust to be 
deposited on the plate. The electro-static 
charge is cut off and the plates rapped. The 
dust collects in hoppers under each 
chamber from where it is removed. 
The high voltage for the discharge was 
originally generated by static transform- 
ers of the induction coil type, provided 
with a unidirectional selective device. 
The Cottrell system generates the vol- 
tage in a rotary transformer and rectifier, 
the voltage being up to 100,000 volts. 
Fig. 164 shows a standard rectifier. 
Cast-iron pipes are arranged in batteries 
through which the crude gas passes from 
the top to a side opening near the 
bottom, and chain discharge electrodes 
hang down the centre of each. Dust 
is removed, as in the Lodge, by striking 
the pipes. 

These systems are now installed by 
Messrs. Lodge-Cottrell, Ltd., Birming- 
ham, by whose permission are repro- 
duced Figs. 16A and 16B, the latter 
showing a large installation of pipe 
treaters in course of erection. In prac- 
tice, the collectors are earthed and are usually, 
in the pipe treater, 6 to 12 in. in diameter and 
from 8 to 15 ft. in length. 
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WET CLEANING PLANTS 
Such washers as the Zschocke tower, the 
Steelton and the Duquesne washers consist of 
towers provided with grids or baffles. Water 
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is forced in in the form of sprays which removes 
the dust, the fine streams of water through the 
grids aiding the process. 

The Brassert Static Washer embodies the 
principle of two-stage washing in the same 
tower. The gas enters at the bottom and is 
distributed by a perforated, inverted conical 
frustum, and passes through 3 sets of super- 
imposed, off-set baffles. Water enters at the 
top, the arrangement of sprays being such that 
the gas and water are intimately mixed. The 
spray coalesces into rain in the baffle chamber 
and falls through the tower, its progress being 
impeded and spread by the lower baffles. 
From 20-22 gallons of water are required per 
1,000 cub. ft. of gas cleaned which has a final 
dust content of -15--2 grains per cub. ft. See 
Fig. 17, reproduced by permission of Messrs. 
H. A. Brassert & Co. 

The gas is not sufficiently clean for gas engine 
use, and recourse must be had to apparatus 
such as the Theisen, the Feld, the Fowler and 
Medley, and Schwartz-Bayer. 

These plants depend upon subjecting the gas 
and dust particles to the action of exceedingly 
fine water sprays or mist. 

The Theisen Disintegrator consists of a series 
of perforated drums arranged concentrically, 
some being stationary and others rotary. The 
washing water is converted, by the centrifugal 
action of the drums, into a fine mist, which 
mingles with the gas and removes the dust 
down to a small content. The crude gas enters 
at the bottom and is partially cooled by the 
water leaving the machine, the clean gas being 
drawn through the latter by means of a fan also 
within the apparatus. 

The Fowler and Medley Washer is vertical, and 
consists of a number of plates fixed to a vertical 
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shaft revolving at high speed. Water sprays 
operate on each side of the washer on each plate, 
thus producing a fine mist which removes the 
dust. The gas enters at the bottom and leaves 
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Fic. 17. THE BRASSERT STATIC WASHER 


at the top, the effluent water being removed 
by a water seal overflow. 

Another type of primary wet washer consists 
of a horizontal tube through which water flows. 
The gas is led in and impinges on the surface 
of the water, which action by a series of baffles 
is repeated along the length of the apparatus. 
Examples of this type are the Steece and 
Dovell washers. 
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PIONEERS OF ENGINEERING 


By J. F. CORRIGAN, M.Sc., A.I.C. 


LESSON VII 


THE FIRST PRACTICAL 
STEAM-ENGINE 


THOMAS NEWCOMEN, OF DARTMOUTH 


EXCEEDINGLY little is known concerning the 
personal history of Thomas Newcomen, the 
originator of the first practical steam-engine. 
Newcomen, it is known, came of an old Devon- 
shire family, and was born in the latter part of 
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NEWCOMEN’S BIRTHPLACE, DARTMOUTH 


the seventeenth century. He was an iron- 
monger and a blacksmith by trade. Probably 
it was the exigencies of his trade which first 
turned his mind towards the application of 
steam power. At any rate, his first patent was 
taken out in the year 1705 in conjunction with 
a John Cawley, a Dartmouth glazier. This 
patent concerned the construction of a steam- 
engine which was intended to drive mechanism 
for practical usage. 

Newcomen’s fame rests chiefly on his inven- 
tion of the “atmospheric ” steam-engine. In 
this machine, he utilized Papin’s idea of raising 
a weight by means of the pressure of the 
atmosphere on a piston which had been first 
moved by the pressure of steam against it. 

An illustration of Newcomen’s engine will 


be seen on this page. In its essentials, it con- 
sisted of a boiler for generating steam. -The 
steam was then. admitted into a cylinder 


NEWCOMEN’S First MODEL OF 
HIS ATMOSPHERIC ENGINE 


containing a piston. On the entry of the steam 
into the cylinder, the piston was pushed up, the 
air being driven out of the cylinder via the pipe 


NEWCOMEN’S “‘ ATMOSPHERIC ’’ STEAM-ENGINE 


at the bottom of the latter vessel. This pipe 
at its extreme end dipped into a tank of water, 
thus providing an air valve for the cylinder. 
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After the piston had been raised, the steam 
from the boiler was turned off, and a spray of 
cold water from an elevated tank was injected 
into the cylinder. The steam in the latter 
vessel immediately condensed, creating a partial 
vacuum, with the result that the piston was 
forced down under the influence of the external 
atmospheric pressure. 

The cycle of operations completed, the steam 
was again allowed to enter the cylinder, and thus 
the action of the engine continued. In this 
way, useful work was obtained from the engine, 
and, after having been perfected in details, 
engines of this type were used extensively for 
mine pumping purposes. 

Naturally, the one great drawback in New- 
comen’s and in other engines of this type was 
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that they were not automatic in operation, 
but that they required the constant and skilled 
attention of an assistant in order to effect the 
necessary turning on and off of the cocks at the 
requisite moments. Newcomen trained boys to 
perform this work. 

Although the atmospheric engine of Newcomen 
operated on so crude a principle, it had never- 
theless a lengthy period of life, and as late as the 
year 1852 a Newcomen engine was to be seen 
at work at a coal mine near Glasgow. 

It is interesting to note that a small model 
of Newcomen’s engine inspired Watt to con- 
struct an engine on improved lines, and it is, 
of course, from Watt’s early efforts in this 
direction that our modern engines have 
evolved. 


PATENTS FOR INVENTION 


By W. E. Dommett, Wu.Ex., M.I.Mar.E., A.F.R.AE.S. 


LESSON III 
PROVISIONAL SPECIFICATION 


FORM 2 

THE provisional specification must be filed in 
duplicate, and the first page should be on 
Patents Ferm No. 2. This form does not need 
stamping, the total official fee for the applica- 
tion Form I and the Form 2 is therefore £I. 
The filling in of the first part of this form should 
now present little difficulty. It starts off with 
a place to set out the title of the invention, and 
as this must be identical with the title on Form 1 
it is merely a question of copying it from that 
form; and then follows the full name, address, 
and nationality of the applicant or applicants, 
which also amounts to merely copying the 
corresponding portion of Form 1. 

According to the Patents Act, the provisional 
specification must set out the nature of the 
invention, and so we find printed on the form, 
below the space that has to be filled in with 
name, address, and nationality, the following 
words: “ do hereby declare the nature of this 
invention to-be as follows”’.......... It is 
advisable to leave the bottom blank portion of 
the form not filled in and to start the description 
on a new page which will constitute page 2 of 
the specification. 


The pages must be of foolscap size, the writing 
should only be down on one side of each sheet, 
and a fair margin left on the left-hand side. 

It may seem to bea simple job to write out the 
nature of the invention, and it can easily be so 
if sufficient care is taken in so doing. The most 
prevalent mistake made in this connection is 
to confuse the invention with the advantages 
resulting from the invention. It is of no use, for 
example, stating that the invention is a type- 
writer machine which is silent, when it really 
is a typewriter machine provided with non- 
metallic letters on the keys—the essential con- 
structional feature having been set out, then 
the advantage, “ whereby the machine is prac- 
tically silent when being used ” can follow on ; 
or to take another example, there is no meaning 
in a statement such as the invention consists in 
a steam generator having a bigger evaporative 
capacity than any other existing generator,” 
when actually the invention consists in pro- 
viding a Yarrow-type boiler with transverse 
baffles, whereby owing to the greater absorp- 
tion of heat from the combustion gases a greater 
evaporative performance is obtained, than 
from the same boiler without the transverse 
baffles. 

It may be as well to repeat the two essentials: 
(1) that the provisional specification must set 
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out the nature of the invention, and (2) that an 
invention must be a new method of manufacture. 

In the opening series of these articles some 
distinction was drawn between types of inven- 
tions, and since, as indicated, the majority of 
inventions are for improvements in existing 
types of apparatus, this particular class of inven- 
tion will be used in these instructions as to how 
to draw up a provisional patent. The opening 
clause is usually an extension of the title. A 
title such as “ Improvements in fuel pumps for 
internal combustion engines ” would be expanded 
to: “ My invention relates to fuel pumps for 
internal combustion engines, and more particu- 
larly to the variable stroke type of pump.” 

The second clause sets out briefly existing 
features of such constructions which are relevant 
to a correct appreciation of the present inven- 
tion, and accordingly this clause is presented 
somewhat as follows: Hitherto it has been 
customary (or it has been proposed) to obtain 
a variation in the stroke of fuel pumps by 
interposing a wedge between the plunger and 
its driving cam or eccentric. ; 

The third clause generally deals with the dis- 
advantages attendant on these prior construc- 
tions, either in respect of expense of main- 
tainance, high initial cost, non-reliability, diffi- 
culty in renewing worn parts, or any other 
features which are relevant. Using the same 
illustrations as above, this paragraph would be 
set out as follows: This is open to objection in 
that owing to the lost motion, when only the 
thin part of the wedge is interposed between the 
plunger stem and eccentric considerable noise 
occurs ; also it has been found very difficult to 
provide a method of mounting for the wedge 
which, whilst giving an easy adjustment, also 
provides a rigid setting. 

The fourth clause should then deal n the 
object of the invention, that is to say, a state- 
ment of what the inventor is aiming to achieve, 
and so we should proceed: ‘‘ Now the object of 
my invention is to avoid these objections, and 
to provide an arrangement for the purpose which 
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is simple to manufacture, is readily renewable, 
and which is silent in operation.” 

The fifth clause is the all-important one. In 
it we do set out the nature of the invention ; 
the short statement embodying this being now 
clearly understandable in view of the paragraphs 
leading up toit. This statement is drawn up on 
the following lines, and the imaginary invention 
we have used as an illustration would read: 
“ My invention consists in providing a variable 
stroke fuel pump with a lever having an adjust- 
able fulcrum and placed between the plunger 
stem and driving cam or eccentric. The lever 
is always in contact with the stem and cam so 
that noise is eliminated.” 

If the inventor has not got any farther than: 
this step, and has not worked out any broad 
details, it would be desirable to delay filing the 
specification and application pending this being 
done. Although such a specification as we have 
drawn up meets the requirements inasmuch as 
the nature of the invention has been disclosed, 
yet it is advisable to extend the description a 
stage or two farther in case, at a later period in 
the proceedings, it should be discovered that 
this broad aspect of the invention is not novel. 

Further clauses should therefore be added, 
and continuing with the same example we could 
proceed perhaps on these lines: “ For the pur- 
pose of adjusting the fulcrum, I support it on a 
block mounted in a guide with set screws or 
other means for fixing the block in any required 
position. Instead of the fulcrum pin being 
fixed in the lever it may be adjustably supported 
in a slot therein and locked in the desired 
position by a thumbscrew, lock-nuts, or similar 
suitable mechanical means, the adjustment 
being made jointly with that of the block 
support.” 

If any further details or slight modifications 
can be included, by all means put them into the 
provisional specification, and if possible the 
description should be accompanied by drawings. 

The specification should be dated and signed 
at the end. 


R. G. Batson, A,K.C:, M.INst.C.E., M.I.Mecu.E. ENGINEER LiEUT.-COMMANDER THOMAS ALLEN 
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LUBRICATION 


By A. G. M. MicHert, M.C.E. 


THE FUNCTION OF A LUBRICANT 


WHEN any two metallic parts of a machine are 
in contact, and are required to move relatively 
to one another, it is invariably necessary that 
they shall be “ lubricated,” that is to say, that 
some fluid or plastic material shall be applied 
to the surfaces of mutual contact. Otherwise 
there will be excessive frictional resistance to 
the relative motion, and in most cases the 
metallic parts will mutually abrade one another 
at the surfaces of contact. 

Wear, more or less rapid, will occur, and if 
the relative motion be rapid so much heat may 
be generated that the parts may locally be fused, 
and welded, or “ seized ” together. 

A lubricating material, properly applied, 
eliminates risk of excessive friction and heating, 
primarily by preventing the metallic parts from 
coming into direct contact with one another, so 
that the resistance to their relative motion is no 
longer the “ friction ” of solid bodies, but merely 
the resistance which the liquid or plastic material 
opposes to its deformation. 

Incidentally, the lubricant serves the further 
purpose of assisting to convey away the heat 
which arises from the friction or resistance at 
the bearing surfaces. 

If the relative motions of the parts are slow, 
and the pressures on the mutually-opposed 

\ 


= 

\ 

l 

P = 
Fic. 1 


bearing surfaces of little intensity, only a small 
quantity of the lubricant will need to be sup- 
plied. In such cases a plastic solid, such as 
grease, may serve. When, on the other hand, the 
pressure and velocity are high, a relatively large 
volume of the lubricant will be necessary. In 
such cases a fluid lubricant is called for, and it is 
often necessary, in order to obtain a sufficient 
cooling effect, to circulate the fluid continuously 
through the bearing and through a cooling 
appliance of some kind. 
23—(5462) 


IMPORTANCE OF VISCOSITY 


In order to attain the primary object of keep- 
ing the bearing surfaces separated by a film of 
lubricant, it is necessary that the surfaces them- 
selves shall be correctly formed, as will be here- 
after explained, and that the lubricant, if fluid, 
shall have in suitable degree the property known 
as “viscosity.” This is, indeed, the only 
property necessary for the primary function of 
the fluid as a lubricating medium, though other 
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properties are, of course, essential to its action 
as a cooling medium, and to the convenience and 
safety of its use. Thus, it must usually be non- 
corrosive, non-volatile, and not liable to lose 
its fluidity by exposure to the atmosphere. 

It is important to recognize that the primary 
property of a fluid lubricant, its viscosity, is 
distinct from, and bears no direct relation to, 
its other familiar physical properties, such as its 
density, volatility, heat capacity, and so forth. 
In general terms, “ viscosity °” denotes the 
resistance of the substance to a continuous 
shearing deformation. More exactly, “ the 
viscosity of a fluid is measured by the tangential 
force on either of two horizontal planes at unit 
distance apart, one of which is fixed while the 
other moves with unit velocity, the space 
between the surfaces being filled with the 
fluid.” This definition is Maxwell’s. In its 
practical application, the “force,” the “ unit 
distance,” and the “unit velocity ” are to be 
taken as the units of some “ absolute ” system 
of measurement, such as the dyne, centimetre, 
and centimetre-per-second of the C.G.S. system. 
The “viscosity ” will then be expressed in 
scientific units on the same system, and its 
value so expressed will be available for calcula- 
tion of the characteristics and action of any 
properly designed bearing to which the lubri- 
cant is applied. The viscosity, however, must, 
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of course, be determined for the conditions 
(especially as to temperature) to which the 
lubricant will be actually subjected in the bear- 
ing. This is important because the viscosity of 
almost all fluids varies rapidly with changes of 
temperature. In all known oils and most 
other liquids it rapidly diminishes as the temper- 
ature rises. In gases (which also under 
suitable conditions can serve as lubricants), 
on the contrary, the viscosity rises with the 
temperature. 


FILM ACTION IN WELL LUBRICATED 
BEARING 


The possibility of the existence of a continuous 
film of lubricant between the surfaces of a loaded 
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pressure due to the thrust T in the connecting rod 
C. If the slide-block S is constructed so that 
its lower surface is accurately parallel to the 
upper surface of the guide bar, no continuous 
film of lubricant can be maintained between 
them. If, however, the lower surface of the 
block be inclined as shown in the figure, so that 
a wedge-shaped interspace exists between the 
surfaces, a viscous lubricant can maintain itself 
in this interspace, and will support the downward 
component of T by its own fluid pressure. It 
is easy to see that such a film of fluid, being 
viscous (see Maxwell’s definition of viscosity 
above), opposes a resistance F to the forward 
motion of the block, and that the existence of 
this force F involves the existence of fluid 
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Fic. 3. MICHELL DOUBLE-THRUST BEARING 


bearing was first explained by Osborne Reynolds, 
and the action of a bearing designed upon his 
theory is known alternatively as “ Reynolds’ 
lubrication,” and as “ wedge-film lubrication.” 
The reason for the latter designation is that it is 
essential for the proper action of a lubricated 
bearing, that the lubricant may exist in a wedge- 
shaped or tapering interspace between the bear- 
ing surfaces. The general nature of the action 
can be easily understood by considering the 
crosshead slipper of a steam-engine, diagram- 
matically illustrated in Fig. 1. In this diagram, 
P is the piston-rod, and C the connecting rod of 
the engine, the latter being attached by the 
wrist-pin W to the slide-block S, which is rigidly 
connected to the piston-rod and supposed to be 
sliding over the guide bar G in the direction of 
the arrow A, and to be subject to a downward 


pressures in the film, which oppose the downward 
force on the block. The total of the horizontal 
components of the fluid pressures p, acting 
normally to the lower surface of the block, is | 
equal and opposite to the force F. 

Under practical conditions the fluid film is 
very thin, usually about one-thousandth of an 
inch in thickness. The practical construction 
of a slide-block in the precise way shown in 
Fig. 1 therefore presents considerable difficulties. 
Fortunately, the desired lubricating action can 
be easily attained in another way. It will be 
easily understood that the action of the wedge- 
shaped film is more effective at its rear, or 
thinner end, than at its front, or thicker end. 
The resultant of the pressures p therefore acts 
at a point between the centre of the block and 
its rear end. 


LUBRICATION 


If then the block be pivoted to both the con- 
necting rod and to the piston by means of the 
wrist-pin W, and the latter be located not at 
the centre, but towards the piston end of the 
block, the latter will automatically tilt about this 
pivoting point as indicated in Fig. 2, and permit 
the formation of a wedge-shaped film as shown in 
Fig.2. Moreover, the thickness and wedge-angle 
of the film will automatically adapt themselves 
to the load and velocity of motion of the block. 

Precisely the same action takes place in 
thrust-bearings of the pivoted type, in which as 
indicated in Fig. 3, a number of thrust-blocks 
having plane faces f, making lubricated contact 
with the plane-faced thrust-collar C, are pivoted 
on edges E, formed on their rear sides and 
adapted to rest on stationary collars. A 
similar construction and action is also found in 
journal bearings of the modern pivoted type, 
the “pads” or “ brasses” of the bearing 
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automatically tilting on their pivoting edges, so 
as to form wedge-shaped interspaces between 
their bearing surfaces and that of the journal. 
The action of the older, fixed-bush type of 
journal bearing, which was the class of bearing 
originally investiga- 
ted by Reynolds, 
was slightly differ- 
ent. In that case, 
illustrated in Fig. 4, 
it was the journal 
and not the brass 
which automatic- 
ally adjusted itself on a wedge-shaped film. 
The journal J, taking a slightly eccentric posi- 
tion with respect to the centre of curvature C, 
of the brass B, is supported upon the film 
of oil contained in the interspace S which con- 
tracts in the direction of motion of the journal, 
as indicated by the arrow A. 


FIG. 4 
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LESSON VIII 
BEAMS 


Case 3. Beam supported at the ends and loaded 
at mid-span. 
S.F. DIAGRAMS 


We have seen in Lesson VII that the S.F. at 
any section is the algebraic sum of the forces 
on one side of that section. 7 we consider any 


ae Ze $ 
L $ 
-W See 
Faa 
wt = 


i= nig? 


B.M. Diagram 


Fic. 30 


section AA between R and C, Fig. 30, and, 
using our paper shield referred to in Lesson 
VII, we cover all the diagram to the left of 


Ww 
AA, we see that the only force is a acting 


upwards. This is the S.F. on any section 
between R and C. Sliding our paper shield 
from right to left over Fig. 30 we pass C, the 
point at which the load W acts. Immediately 


ee ee 
aa ae 


FIG. 31 Fic. 32 


we do so, we notice that W comes into view and 
now the S.F. is the resultant of W downwards 


W ; . W 
and ae upwards, and this resultant is a down- 


wards. We can now complete the S.F. diagram 
as shown in Fig. 30, in which the S.F. acting 
on the beam from C to R is positive (+) and 
that from L to C is negative (-). 


Let us now make clear the difference between 
+ S.F. and — S.F. When fracture, due to 
shearing, takes place, the two surfaces slide over 
each other. If the relative motion is as shown 
in Fig. 31, we may say that the S.F. is positive 
(+), whilst if relative motion of the two parts 
is as shown in Fig. 32, then we must say that 
the S.F. is negative (-). The use of the signs 
is purely conventional and they are used solely to 


L R 
fe 
wh 
2ł 


Sal B.M. eats Be 
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indicate the relative motion of the two parts of 
the beam which would occur at fracture. 


B.M. DIAGRAM 
The B.M. at any section AA (Fig. 30) = 


W 
z X * and this B.M. increases in proportion 


to x, reaching a maximum at the centre where 


: lt. Wy 
isinow Tix g 
complete B.M. diagram is a triangle as shown in 
Fig. 30. 

Case 4. Beam supported at the ends and 
carrying a load uniformly distributed. 

Let w be the load per unit length of beam so 
that the total load is wl = W. 


S.F. DIAGRAM 


With our paper shield cover over the beam 
to the left of section AA. We now have an 


l 
a the B.M. The 


W 
upward force = oF and a downward force = 


W 
wx. The S.F. acting on the section is z 


which is positive. (+) but gradually diminishes 
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as x becomes greater, until, at the mid-span 
Sig Ras 
, the S.F. = —-* 


A 1 
cti T =— = 
section where x 2 ae 5 


—— =o. Ifweconsider a section BB situated 


2 
to the left of C, we note that the resultant is a 
downward force, and this will give rise to a 
- S.F. growing in magnitude from zero at the 


W 
mid-span to z at Jee, 


B.M. DIAGRAM 


Again considering the section AA, we note 
that it is subject to two opposing bending 
viz., The 


% 
moments, == Sie and Wee x A 


B.M. acting on section AA is the resultant of 


E, 1 WE w 
these, Viz., Fn et 
values of x, we calculate and plot the corre- 
sponding values of B.M., we obtain the curve 
shown in Fig. 33. The reader will see how useful 
diagrams like these become when we require 
the B.M. or S.F. at any section. Thus, at 
section BB, Fig. 33, the intercepts aa and bb 
measured to the S.F. and B.M. scales respec- 
tively, give the numerical values of the S.F. and 
B.M. 


If, taking a series of 


B.M. AND S.F. DIAGRAMS BY 
GRAPHICAL METHODS 


We have seen above how, by a few simple 
calculations, we may obtain the B.M. and S.F. 
diagrams for a supported beam carrying either 
concentrated or distributed loads. 

A purely graphical method is now given, 
together with a proof of its correctness. 

Method. Fig. 34 shows a beam supported at 
its ends and carrying three loads, AB, BC, and 
CD. Set down a vertical line and to a con- 
venient load scale mark off ab, bc, and cd to 
represent the loads AB, BC, and CD respec- 
tively. Choose any pole point P. Join aP 
and from any point e, on the line of the left-hand 
support, draw efg parallel toaP. Join bP and 
draw fhk parallel to bP ; join cP and draw Al 
parallel to cP; join dP and draw lm parallel 
todP. Mark the point z so that az = left-hand 
reaction L and zd = right-hand reaction R. 
Join em which will be found to be parallel to 
zP. Then, efhim is a B.M. diagram and for 
any section of the beam as at KK, the B.M. is 
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given by the ordinate pg measured to the 
B.M. scale. 

Proof. Draw the horizontal lines es, ft, hw, 
and PQ. In the two triangles epg and az P, 
ep is parallel to Pz, pg is parallel to az and eg 
is parallel to aP; therefore the two triangles 
are similar and we may write— 


m aa 

es ~ QP 

pg = oa 2 , but az = L to scale 
Pees 

PE = DP 


Now QP is a constant and es is the perpen- 
dicular distance of L from the section KK, .. 


L x esis proportional to the moment of L about 

KK. Hence, pg, measured to scale, is the 

B.M. on section KK due to the reaction L. 
Again, the triangles fkg and abP are similar, 


kg ab, 
Gis OR 

4 x ab 

or kg = eee 


But QP is a constant, ab= force AB to 
scale, and ft is the perpendicular distance of 
AB from section KK 

kg cftx AB 
or kg is proportional to the moment of AB 
about section KK. 

Again, the triangles Akg and Pc are similar, 
and 


gk be 

hw ~ PQ 
bex hw 

qk = PỌ 
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but bc = force BC to scale; PQ is a constant 
and hw is the perpendicular distance of BC 
from the section KK 

gk chw x BC 
or gk is proportional to the moment of BC about 


FIG. 35 


KK. Now the resultant B.M. on Section KK 


L x es—(AB x ft+ BC x hw) 
pq — (kg + gk) 
= pq, the intercept of the B.M. diagrams. 
The construction of the S.F. diagram is clear 
and should present no difficulty. 


B.M. AND S.F. SCALES 


We have seen that an ordinate of the B.M. 
diagram represents the B.M. on the beam section 
immediately above it. Now the shape and the 
size of the B.M. diagram and, therefore, the 
length of the ordinate depend upon (1) the 
Linear Scale employed in drawing the beam 
length and position of the loads on it, (2) the 
Load Scale to which the loads are represented 
on the line of loads, and (3) the horizontal 
distance—QP, Fig. 34—of the pole P from the 
line of loads. This being so we have— 

B.M. scale = linear scale x load scale x 

polar distance. 

EXAMPLE. A beam is supported and loaded 
as shown in Fig. 36. Draw the B.M. and 
S.F. diagrams ; state the scales employed, and 
the B.M. and S.F. scales. State also the maxi- 
mum B.M. and S.F. and where they occur. 

Method. Set down the beam and the posi- 
tions of the loads to a linear scale of rin. to 
4ft. Letter the loads AB, BC, and CD, and 
place the letter Z as shown, so that the right- 
hand reaction = DZ, and the left-hand reaction 
= AZ. Choose a load scale of I in. to 2 tons, 
and set down on the line of loads ab, bc, and cd 
to this scale. Choose any pole P, the polar 
distance being, say, 3 in. 


ll 
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B.M. Diagram 
From any point e draw ef parallel to aP, 
fg parallel to bP, gh parallel to cP and hk parallel 
todP. Join ek and through P draw Pz parallel 
to ek. Then z divides the line of loads into two 
parts, dz = DZ, the right-hand reaction, and 
az = AZ, the left-hand reaction. 


S.F. Diagram 


Horizontals through a, b, z, c, and d enable 
us to complete the S.F. diagram as shown in 
Fig. 36. 

SCALES 
B.M. scale = linear scale x load scale x 
polar distance. 
4 ft. 2 tons 
inn S 


B.M. scale = XIN 


B.M. scale = 24 tons-ft. per in. 
S.F. scale = load scale = 2 tons per in. 


Maximum Values of B.M. and S.F. 
The maximum S.F. is 6-8 tons, and occurs on 


4tons 
ft, 


Lte 
wore, ap BA 


Fic. 36 


all sections between the right-hand support and 
the 2 ton load. 

The maximum B.M. is 32:8 tons-ft. and occurs 
under the 6 ton load. 


ANSWERS TO Exercises. Lesson VII 


I. 4:069 coils. 
2. Compression, 1-659 in. Stress, 14,670 lb. per sq. in. 
Strain energy, 24°87 Ib.-in.« 
36 Di = We-Fe in. 
d = 47545 in. 
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By W. G. Bicxiey, M.Sc. 


LESSON VIII 
FACTORS 


WE have already, in Lesson VI, seen the use of 
factors as a labour-saving device, and it will be 
remembered that in arithmetic, the ability to 
factorize numbers is essential in dealing with 
fractions, for cancelling, and for finding common 
denominators. We shall need to be able to 
factorize algebraic expressions for exactly the 
same purposes; a thorough knowledge of 
algebraic multiplication and a little practice 
will enable us to deal with any case that is 
likely to arise in engineering applications. 

| Difference of Squares. A common case is 
when the expression we want to factorize is 
the difference of two squares. In Lesson VII 
we drew attention to the formula— 


(a + b) (a — b) (= a? — °) 
Writing this backwards, 

a?— b? = (a + b) (a-b) 
or, in words, 


difference of squares = sum times difference. 

Instances of this are— 

1. 4p” -99° = (2p + 34) (2p - 39) 

2. 16%?y?— I = (4xy + 1) (4xy — 1) 

3. 41° — 39” = (41 + 39) (41 - 39) = 80 x 2 

= T60 
(a + b)?-c? = (a + b + è) (a+ b-c) 
. a? — (b + c)? = fa + (b + c)} fa- (b+ c)} 
=(a+b+0) (a-b-0) 
- (3% + 2y)?— (x — 3y)? 
= {(3x + 2y) + (x-3y)} 
{3a + 2y) —(x-3y)} 
= (4x - y) (2% + 59) 

An instance of practical importance is the 
calculation of areas of rings, or volumes and 
weights of tube. If R and v are the outer and 
inner radii of a ring, the area of the ring is the 
difference between the areas of the two circles, 
ie, 


as 


[o> 


A =a7R?- qr = nR) 
= T(R +7) (R-7) 
The last form is very convenient for calcula- 
tion, as it is one multiplication (the addition and 
subtraction can be done mentally), and so 


loagrithms can be used to obtain the final 
answer direct. 

EXAMPLE. Find the weight per foot of lead 
pipe, Iin. bore, thickness 4in., if lead weighs 
0:41 lb./cub. in. 

Here 7 = 0'5 in., R= 0:625 in., so that the 


sectional area is 


m(0°625 + 0:5) (0:625 — 0:5) 
m X I:I25 X 07125 sq. in. 


Volume = area X length (12 in.) 
I2m X T125 X 0-125 cub. in. 
Weight volume X 0-41 


GALEX Im X 1-125) xX 0-125 
2:18 lb. (nearly) 


E 


(The logarithmic calculation is not shown.) 


Collecting Terms. In the last lesson we saw 
that the result of multiplying out such an 
expression as (æ + b) (c + 4) was ac + ad + 
bc + bd. Here the first two come from multi- 
plying (c + d) by a, and have the common 
factor a. The other two similarly have the 
common factor b. We can reverse the process 
of multiplication thus, taking account of the 
common factors as they appear— 

ac 4+- ad + be + bd = a(c 4- d) + b(c + d) 

= (a + b) (c + d) 
(In obtaining the second line we have used the 
common factor (c + d).) 
Similarly— 
I. pg + 2p + 39 +6 = pl + 2) + 3 + 2) 
= (P + 3) @ + 2) 
2. 3ax—4ay—6cx + 8cy = a(3%-4¥) —2¢(3%—4Y) 
= (a — 2c) (3% - 49) 
(Notice carefully the signs in this example.) 

Trinomial Expressions. In many cases of 
multiplication, we can couple together two of 
the terms in the product; we found that 
(s—2) (s—6) = s?—8s -+ 12, where the —8s 
was the algebraic sum of the — 6s and the — 2s 
which occur; also (2m -+ 3) (3n - 4) = On? + 
m—12, where the n was the algebraic sum of 
gn and —8n. Notice that in these examples, 
and in all similar ones, the product of the terms 
which are added is the same as the product of 
the other two terms; the use of this fact 
enables us to split the middle term of the pro- 
duct into the two that were added to obtain it. 
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In the first of the above, disregarding the s 
which can be put in afterwards, to split up the 
— 8s we must find two numbers whose algebraic 
sum is —8 and whose product is + 12; ie. 
factors of 12 whose sum is 8 (since they must be 
of the same sign to have a + product, and — to 
have a — sum.) They are 6 and 2, of course. 
In the second example, we need two numbers 
whose product is 6 x (- 12) = —72, and whose 
algebraic sum is + I; i.e. factors of 72 whose 
difference is 1. They are 8 and 9. 


Applying this to some examples, we have— 
I. 2+ 5x%+ 6. 


Required, factors 
are 2 and 3; so 


e+ 54 +6 = 


of 6 whose sum is 5; they 

x + 2%+3%+6 

x(x + 2) + 3(% + 2) 

(x + 3) (% + 2) 

2. a? — 2ab — 4802. 

Required, factors of — 48 whose sum is —2; 

they are 6 and — 8. 
— 2ab — 48b? = 


a? + 6ab — 8ab — 480? 
a(a + 6b) — 8b(a + 6b) 
(a — 8b) (a + 6b) 


I Il 


3. -6x2 — II% — IO. 


Required, factors of 6 x (— 


Io), i.e. of — 60, 
whose algebraic 


sum is — II; they are 4 and 


— I5; so 
0x? — II% -— IO = 6x? + 4x% -— I5% -— IO 
= 2%(3% + 2) - 5(3% + 2) 
= (2x — 5) (3x + 2) 
With practice, of course, much of the 


above work can be done mentally, and factors 
“ spotted ” almost at once. 

We add one or two other cases that are of 
occasional use. 


I1. The sum of two squares—a? + b?—has no 
real factors. 

2. a + b = (a + b) (a? -ab + b?). 

3. @B—b3 = (a — b) (a + ab + b’). 

4. a” — b” always has (a -— b) as a factor. 

5. a” + b” has (a + b) as a factor if n is 
odd. 


Method of Trial. To factorize more compli- 
cated expressions, such as x? -3% + 2, we can 
use the fact that any value of x which makes a 
factor zero, must also make the whole expression 
zero; if (x-a) is a factor, then putting a for 
x will make the expression zero ; conversely 

If an expression becomes zero when y = a, 
then (x -— a) is a factor of the expression. 
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In the above example, it can be seen that if 
x = I, the value of the expression is o. There- 
fore (x -— I) is a factor and the other factor can 
be obtained by division. Performing the 
division, we find 


— 3x + 2 = (x-1) (x2 + x-2) 
= (x-1) (x + 2) (x— I) or 
(x + 2) (x-1)? 


upon factorizing the expression in the second 
bracket by the method already given. 

Similarly, trying values of x in 2%- 3%” 
— 8x + 12 it will be found that x = 2 makes 
the expression zero, and so (%-— 2) is a factor. 
It will also be found that + = -2 makes the 
expression zero, so (x + 2) is also a factor. 
Using these and dividing, the other factor will 
be found to be (2% — 3), ie 


2x% — 3%? — 8x + 12 = (x — 2) (x. + 2) (2x -— 3). 
FRACTIONS 


If the methods of dealing with arithmetical 
fractions are understood, that is, cancelling 
common factors of numerator and denominator 
in multiplication, inverting. and multiplying in 
division, and bringing to a common denomina- 
tor in addition and subtraction, the following 
examples of algebraic fractions should be 
clear. 


d bd 
2 ee 
ET 
L I 
wi wi? ot l 
2. = = = ox a 
C RUT ees 
* 
2 4x + 3 2- x-2 x2- x% 
Mee 5x 4+6" w+ 3x+2 


Factorizing everything, and inverting the third 
fraction we have 


(23) (wa) (mt) (rma) (x +2) H+) 
GT (2% (ay (2 3)*% ele 


Cancelling, as indicated, our answer is 
x+2 


x 


4. 4G = find a formula for 


2 

3C T 9K? 
The least common denominator of the twe 
fractions on the right, i.e. the L.C.M. of 3C anc 
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9K is 9CK. So to add them, bring them to 
fractions over this common denominator— 
I I 3K4+C 
3C + oK — oCK 
i SKE FC oC Kk 
27 = eck. and then E = SLE TE 
2R PRR ENR 
e aR Ror 
% + 3 “TI 


6. B= 34-2 w-2x-+1 


Factorizing the denominators, this becomes 
x+3 x-+I 

œ- (w-2) (3) (¥-0) 

The least common denominator is 

(x-1) (x-2) (x—1), and using this we get 

(% + 3) (#-3) — (# +3) (¥-2) 
(x-1) (2) (#1) 

LAT (x? — x-2) 
= “(e=1) (2) (@-9) 


3x -1 
= w- (@—2) -1 


_ EXERCISE No. 14 


1. Find the factors of— 
(a) 47? — 258°. 


1) 


36 — mè. 

4a?b? — 1. 

( + 5)? — (7 - 1)°. 
a*—(b-c)*. 

3ab -2b + 9a — 6. 
bq + py PA 
a? + 8ab + 1507. 
x? —% — 150. 
12%? — 7% — 12. 


(m) 6p? + 1opq + 88°. 

(n) x-1. 

(0) 64a% + 27b°. 

(p) # + 347-4. 

(q) x3- 6x? + 11¥-6. 

2. Find the weight of a hollow cast-iron column, 
8in. external diameter, 1 in. thick, and 12 ft. long, if 
cast iron weighs 450 lb./cub. ft. 


3. Simplify— 

pe 
40. 3¢ ab 
we B 

0) ga > 6d 

O x?—I % 
wt x a+r 
a A 

(4) P IRS 
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2% 
O E aera 
3 2 
A aa A rE 
a+ x +2 
(8) oe = 2 HRI 


MORE EQUATIONS 


We have already had a number of examples, 
derived from formulae, etc., in which we found 
the value of one unknown quantity from one 
equation. In other cases we shall have to 
find two unknowns from two equations. We 
will show how this is done by working a few 
examples— 

I. Find x and y from the equations— 

3% + 2y = 21 : : 4 BMG) 
4% —3y = II : : : ARA) 

Our aim must be to use the two equations in 
such a way that we get rid of one of the quanti- 
ties, and obtain a single equation containing the 
other only, which we can then find. The most 
general way of doing this is to use one of the 
equations to express one quantity in terms of 
the other, and then substitute this value in the 
other equation. Thus, in the above, transposing 
the 2y of the first equation 

3% = 21- 2, 
whence, upon dividing, 


= 21 = 2y 
Bens 
Now substitute this in the second, and we have 
4(21 - 2y) y 


3 
Clear of fractions by multiplying by 3, when 


4(2t 2y) — oy = 33 
or 84 - 8y — oy = 33 


Transposing, etc., — I7y =- 5I 
g IS 
Now use the formula for x, giving 
20=2 XB 15 
aa a 


le. %=5 andy =3- 


There is, however, another way of getting 
rid of one of the unknowns, which is preferable 
for such simple equations as the above, but is 
not always possible with more complicated 
ones. If we can get the same number of x's 
in both equations, and we can by multiplying 
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them by 4 and 3 respectively, we can get rid of 


the x by subtraction. Thus— 
Eqn. (i) xX 4, 12% + 8y = 84 
Eqn. (2) X8, 12*— oy = 33 
subtracting, Ty = 5I 
dividing, y= 


The value of x can now be found by substi- 
tuting the value of y in one of the original 
equations, or by getting rid of y by the same 
method— 


Ega (Ge) SKS}. 9x + by = 63 
inom, (2B) 2. 8%-—6y = 22 
adding, 17% = 85 
dividing, a = 5 


(Note that we added, to get rid of the y this time, 
since we had + 6y and — 6y.) 


B 
2. It is known that p = A + E where A 


and B are constants. Also that p = 15 when 
y = 3, and p = 485 when y = 2. Find the con- 
stants A and B, and then the value of p when 
7 = 2:5. 

Substituting the given values, we have— 


B 
when 7 = 3, I5= A+ T : 5 (Gs) 


B 
when 7 = 2, 15 eR, : 2) 


It is possible to subtract at once, and get rid 
of A, but it is simpler to clear of fractions, 
multiplying eqn. (1) by 9 and eqn. (2) by 4, 
obtaining— 


1135 94 2 Bs : : EE 
VAO =A EB . f ; = (2) 
We now subtract, getting rid of B, 
=—1,805 = 54A 
whence 
A =— 361 


Substitute this value of A in eqn. (1), giving 
135 = — 361 x 9+ B = -3249 + B 
whence 
B = 135 + 3249 = 3384. 
The formula for p is thus— 


p = = 361 + 3384 
a 


When 7 = 2-5, this gives p = 180-4. 


Unknown Index. There arise in engineering 
applications cases where an unknown index 
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has to be found—most frequently in obtaining 
a formula to express the results of experiments. 
By the use of logarithms, this is reduced to 
solving equations of the types already met 
with. 

EXAMPLE I. 
(3:2)” = 9-92. 

If we take logarithms of both sides of the 
equation, then, since log. of power = log. of 
number x index of power, log. 3:2" = n log. 3-2 
=n-X +5051, and log. 9-92 = -9965, 


Find the value of the index n if 


n X -505I = -9965 
P. 
so DAT BYES 
EXAMPLE 2. In the expansion of the gas in 


an engine cylinder, the relation between the 
pressure, p, and the volume, v, is usually of the 
type pu” = C, C being a constant. If p= 180 
when v = 2, and = 115 when v = 3 (values 
that can be obtained from the indicator diagram) 
find the values of n and C. 

Taking logarithms of both sides of the 
equation pv” = C, we have 

log. p + n log. v = log. C. 

Putting in the given values, 
when v = 2, 22553 + -3010m = log. C 
whenv =3, 2:0607 + :477In = log. C. 

Subtracting, we get rid of log. C, and find 

1948 — -176IN = oO 

‘1946 
“1761 


whence n= = CO0; 
Substituting this value of n in the first 


equation, we find 
log. C = 2:2553 + 1-106 X -3010 
= 2:2553 + 3329 = 2:5882 
whence, looking up the antilogarithm, 


C = 387:5. 
The formula is put108 — 387-5. 


EXERCISE No. 15 


1. Solve the pairs of equations— 

(a) #+y =15,4%-y = 9. 

(b) 5* + 2y = 19, 2x -y = 4. 

(c) I-5y—0-8s = 2-2, 0-87 + I-55 = 4'i. 

(4) p + H = 51, 4p-4q = 20. 

2. If vy = av + bv, r= r4 when v= r, 

when v = 6, find the values of a and b. 

3. Find the unknown indices in the following: 
(a) 2:5" = 4I. (b) 15:8% = 5,150. (c) 1-05" = 2 
(d) 3” = 0025. 

4. The quantity Q, in cub. ft./sec., discharged by a 
weir under a head + ft., is given by Q = Ch”. When 
h = 1:5, Q = 9'2; when h = 2'5, Q = 19'8; find the 
values of C and n. 


z= T3 


(Continued on page 358) 
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| THE THEORY OF HEAT ENGINES | 


By E. B. COLE, B.Sc. 


LESSON VII 


THROTTLING OF STEAM— 
MEASUREMENT OF DRYNESS 
FRACTION 


We have already seen that throttling is the 
term applied to the sudden unresisted expansion 
from a high to a lower pressure through a valve 
or other constricted opening, no external work 
being done. 

Fig. 12 represents a steam pipe in which is 
inserted a diaphragm containing a small orifice, 
which will allow high pressure steam approaching 


EAR 
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on one side to expand suddenly into a zone of 
low pressure on the other. The expansion 
occurs so quickly that there is no heat received 
or rejected externally. The pressure drop will 
cause an increase in the kinetic energy of the 
steam, which will issue from the orifice as a 
high velocity jet. This increase in kinetic 
energy will, in turn, be damped out and con- 


verted into frictional heat as the jet impinges on Sfeam pibe 


and is destroyed by the slower moving stream 
occupying the full bore of the low pressure 
side. 

Now, assuming that the initial and final 
velocities of the steam are equal, then no change 
in the heat contents can have occurred during the 
process, and it will be found that if 


H, = total heat of 1 lb. of steam of a given 
quality before throttling. 

H. = total heat of rlb. of steam of the 
same quality after throttling, 


then H,} is less than H,, so that there will be 
an amount of heat ( H, — H,}) to be utilized, and 
this heat will cause the steam to increase in 
quality after the expansion, becoming drier if 
it were wet at the start, or superheated above 
the saturation temperature at the lower pressure, 
if dry initially. 

Thus, if H, = total heat of 1 lb. of steam of 


the actual quality attained after throttling, then, 
there having been no change in the heat con- 
tents, 
H, = H, 
i.e. if the steam were of dryness x, at the start, 
and were still wet after expansion 
(1) 


hy + mL, = hy + YL 
If, however, the heat released were sufficient 
to cause superheat at the end, then 
h + %L = hy + La + Ky(ts— t) (2) 
where ?¢, = superheat temperature 
t, = temperature corresponding to lower 
pressure pp. 


This gives us a very ready means of measuring 
the dryness fraction of high pressure steam. 

The apparatus used, called a throttling 
calorimeter, is shown diagrammatically in 
Fig. 13, and consists essentially of a pipe con- 
taining a small diaphragm orifice as above 
described. 

Thermometer pockets are provided before 
and after the orifice, so that the temperature 4, 
before expansion of the steam whose quality is 


Z 


From 


FIG. 13. THROTTLING STEAM CALORIMETER 


required is known, as also that reached after 
throttling. The steam is allowed to expand 
into a chamber connected to the atmosphere, 
and the pressure p, in this chamber, generally 
slightly in excess of atmospheric, can be 
determined from a U-tube manometer. 

Now the calorimeter depends for its success 


on sufficient heat being liberated during 
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throttling to superheat the steam above the 
temperature corresponding to p, Then, since 
á and p, are recorded, every quantity but x, 
in equation (2) above is known from the tables, 
while ¢, is recorded by the thermometer on the 
low pressure side of the orifice. 

If this latter thermometer should record a 
temperature equal to the saturation tempera- 
ture of steam of pressure p,, then the steam is 
still wet or just dry after expansion, and the 
calorimeter would be useless. It can be shown 
that if the initial dryness fraction is less than 
about -95 the calorimeter fails for this reason, 
but, as any modern boiler plant with ordinary 
care should give steam of dryness not less 
than -97, this calorimeter can be used with 
advantage. 

As an interesting example on the preceding 
work, let us determine the thermal efficiency of 
an oil-fired boiler from the experimental data 
obtained from a test— 


Weight of water evaporated per hour 3,847 lb. 


Weight of oil burned per hour . 324 Ib. 
Boiler pressure 5 ; 180 lb. per sq. 
in. abs. 
Temperature of feed water ty 50° F. 
A 365° F. 
Throttling calorimeter } t, 212%1F. 
ts 203 22 Bs 


Calorific value of the oil, 18,450 B.Th.U. per lb. 


From steam tables we find that the saturation 
temperature and latent heat per Ib.. at 180 lb. 
absolute are 

i = 373" 
L, = 850°8 B.Th.U. per lb. 

Also, from the tables, for the throttling 
calorimeter 


hy + xiL = ha + L; + ky(t.— ty) 
337°I + %'857°7 = 180 + 970-4 
+ +48 (288-2 — 212) 
849:8 
S = 0°99 


Then the heat required to raise x lb. of water 
from the feed temperature ¢, to boiler tempera- 
ture ¢,, and to convert it into steam of 0:99 
dryness at that temperature, will be 

H = (h,—hs) + -99L,, heat units 
or approximately 
(ts z ty) oc 99L. 
Thus, taking values of 4 from steam tables, 
H = 345:6 — 27-08 + -99(850°8) 
= 1162:52 B.Th.U. per Ib. 


x. 
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: 
Now the actual heat available per Ib. of oil 
18,450 B.Th.U., and, since 3847/324 = 11-85 Ill 
of water have been evaporated per lb. of oï 
the heat utilized per lb. of oil 
= 11°85 X 116252 
= 13,810 Bat hu, 


8 
Thus the boiler efficiency = 3 i = 0744 


Le. 74:4 per cent. 


Now boiler plants operate under such widel 
different conditions as regards feed wate 
temperature and the working pressure, that i 
order to make any useful comparison betwee) 
the performances of two boilers it is necessar 
to have some standard conditions of fee 


K 

Q 

È 

x 
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$ Supplied or 


\ Fic. 14 


temperature and steam pressure to which we car 
reduce our actual evaporation and so obtair 
an equivalent evaporation under standard con 
ditions. 

The conditions chosen are those of a boile: 
working at atmospheric pressure, i.e. a tempera: 
ture of 212° F., and in which the feed water 
enters also at 212°F. Thus, to convert the 
water into dry saturated steam we have only 
to supply the latent heat, namely. 970-4 B.Th.U 
per lb. ; 

Equivalent evaporation, therefore, means the 
evaporation that would be obtained in this 
standard boiler per hour (say) or per Ib. of fuel 
with the same amount of heat that is usefully 
used under actual conditions. 

In our boiler above we have seen that 1 Ib. 
of water actually took 1162:52 B.Th.U. In ow 
standard boiler this amount of heat would 
evaporate 

I162:51 


970°4 


= 1:2 lb. of dry saturated steam. 
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| This is called the factor of evaporation. 
Hence the equivalent evaporation per lb. of 


= 11-85 X 1:2 = 14:2 lb. of water. 


Entropy. We now come to an extremely 


important conception, namely, the entropy of a 


2 
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substance, which is of great value in heat engine 
calculations, and here we shall consider matters 
as they apply to steam. 

The reader has already become acquainted 
with the indicator or PV curves in which areas 
under the curves represent work done. 

It was realized that a most useful diagram 


__ _ & Jsornerna.b 
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T-p diagram for Carnat’s Cycle 
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would be obtained for any substance if absolute 
temperatures T, as ordinates, could be plotted 
against some thermal property ® of the substance 
as abscissae, such that the areas under the 
resulting curves would, for any change, represent 
heat supplied or rejected, according as we moved 
away from or nearer the origin (Fig. 14). The 
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variable © was termed the entropy of the sub- 
stance, and is a mathematical conception, 
having no real physical significance. 

Adiabatic operations would be represented 
on a T-ġ diagram by vertical straight lines, 
since no heat is received or rejected— the area 
under the curve being therefore zero. 

Thus, the entropy of a substance might be 
defined as that property of it which increases 
or diminishes as heat is received or rejected 
respectively, and remains constant during 
adiabatic changes. 

Consider (Fig. 15) a small increase in entropy 
ôd, then ôH the heat supplied is represented 
by the area of the elementary strip so that 


Oiek == IRO 
where T = the mean absolute temperature 
during the change. Thus, the change in entropy 
over a full range (1)~(2) is given by 
"HH. 
pa- bi = op 
1 


i.e. the summation of all the elementary strips 
between the limits (1) and (2), each element ô H 
of heat received or rejected being divided by 
the absolute temperature possessed by the sub- 
stance at that time. If, therefore, for any 
change the heat received or rejected 6H can 
be expressed in terms of the absolute tempera- 
ture—then the integration can be performed and 
the change of entropy determined. 


ISOTHERMAL 
T2 


P V diagram corresponding sketched for perfect gas 
16 


It will be seen that if a complete heat cycle 
is represented on the 7-d diagram for a given 
mass of working substance, the area under the 
curves, representing the changes, as we travel 
outwards away from the origin will equal the 
heat supplied, while the area on the way back 
will equal the heat rejected, so that the area 
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enclosed by the curves forming the cycle will 
again equal the work done, as with the PV 
diagram, but now in heat units. 

Carnot’s cycle, which, as we have already 
seen, consists of two adiabatic and two iso- 
thermal changes, is easily represented on the 
T-¢ diagram (Fig. 16). The corresponding 
PV diagram with a perfect gas as the working 
substance is also reproduced. The area I ab2 
represents the heat supplied, while 1 dc 2 gives 
the heat rejected. 


PROBLEMS. 1. The temperature of dry saturated 
steam at a pressure of 200 lb. per sq. in. absolute is 
381-9° F., and the volume per Ib. is 2-29 cub. ft. Calcu- 
late approximately, without using steam tables, the 
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gain in intrinsic energy, the external work done, and 
the heat given in warming up and evaporating com- 
pletely 1 lb. of water from a temperature of 100° F. 

2. Taking the calorific value of coal to be 13,000) 
B.Th.U. per lb., calculate the actual and equivalent. 
evaporation per pound of coal in a boiler whose 
efficiency is 0-72. Given that the feed temperature is 
95° F., evaporation temperature = 350° F., dryness 
fraction of the steam = 1. 


SOLUTIONS— 


1. During warming Gain of I.E. = 281-9 B.Th.U 
Ext. wk. done = o 
, Evaporation Heat given=L = 847-7 
Wk. done = S40 
*, Gain LE. == 7036 


2. Actual 8-3 lb. Equivalent 9-7 lb. 


MATHEMATICS FOR ENGINEERS 
(Continued from page 354) 


ANSWERS TO EXERCISES No. 


(x1) 


II, 12, AND 13 


I. 216-7 lb., 3,300 lb. 


> = piaga PP (pe AY EE Fe 
Ñ race Os Rais (a DG r 
3- (a) * = 3, (c) P= 6, (e)n=4, 

(0) n = 4, ()x¥=3, (f)g= 
4. I2in. and 6in 

(12) 
wa) A = 20, OIEA 
PR] 

b) x = A ZoD 

(0) A= I3, (d) x eee 1:332 
2. D = 6'644 
3 (a 


4. (a 7:556, (b) R= To. 


( 
5. a 


(13) 
. 2+ 3¥ 4+ 2, 
3a? — 10oab — 8b?. 
at + ab? + bt, 
5x1 — 2343y + 4ra®y? — 23%y? — 127°. 
4p? + 12pq + 99°. 
a+ 4a%b + 6a?h? + qab? + b', 
¥+ 2. 
a + 2b. 
. a+ ab + b. 


OPI ARR YW Yn 
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| MACHINE CONSTRUCTION AND DRAWING 


By G. Woop, A.M.I.Mecu.E. 


LESSON VII 


Assembly. Fig. 1 shows a steel pipe designed 
to take dry saturated steam at a pressure of 
250 lb. per sq.in. The finished pipe consists of 
a lap welded steel tube with forged steel flanges 
riveted to same. To make a complete working 


drawing of this part, providing sufficient: 
8.0 


“a 


= 
Upc 


DAD 
ee x" 


L.W. STEEL TUBE 


Full Size 
FIG. I 


information to enable the shops to make the 
pipe, we require to show both the details and 
the manner in which the parts are assembled. 
To give a sectional or part sectional view of the 
whole part to the maximum scale allowable 
would leave the detail of the attachment of 
flange to pipe too small, in scale, to be clear. 
In such cases it is found advisable to give an 
outside view of the whole part drawn to a 
smaller scale together with a detached sectional 


detail, in way of the attachment, to a larger 
scale. Such combination of smaller scale view 
showing the assembled parts, together with a 
larger scale detail of the parts requiring machin- 
ing and fitting, is a common drawing office 
practice. 

The Reference Drawing. We may now extend 
the usefulness of the art of machine drawing by 
considering the principles of machine 
construction together with those of draw- 
ing. At the outset we would impress the 
student with the important fact that few 
working drawings are made without the 
guidance of a reference drawing. 

The purpose of the reference drawing 
is, not to provide the material for a 
Chinese copy, but, rather to give a ready 
reminder of the safe limits in design. 
We may consider the reference drawing 
to be stored with engineering history and, 
in analysing the same, we place ourselves 
in a position to exploit the experience of 
past engineers. 

If, for example, we were to use the 
drawing of the steam pipe, Fig. I, as a 
reference, we would first learn the rela- 
tionship between the loads and the dimen- 
sions of the parts. Commencing with the 
tube we may consider the loaded condition 
to be such that each end of the pipe is 
closed by a blank flange, and that steam 
is admitted at a pressure of 250 Ib. sq. in. 
The pipe is now subject to forces as 
represented in Fig. 2, and the total force 
tending to burst the cylinder at the 
half section aa, bb, is PDL. Also the 
resistance offered by the material to 
bursting is 2 ft. Lt where # is the internal 
pressure in lb. sq. in., and ft is the tensile 
stress induced in 1b. sq. in. 


Then 2 ft. Lt =pDL 
pD 250X IO 
j= ip CES 


= 2500 Ib. sq. in. 


Next examining the strength of the attach- 
ment of flange to tube. This consists of 15 
rivets, and the force tending to separate the 
flange from the tube is equal to -7854D*p. This 
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force is resisted by the shear resistance of the 
rivets, and is equal to -7854d?/sm where n is 


the number of rivets in the flange joint. Then 
-7854d7fsn = +7854D7, i.e. 
D*p Io? x 250 : 
Js= Ta a 2963 lb. sq. in. 


Proceeding to the joint, this and the adjoining 
flange are prevented from separating by the 
flange bolts. The force tending to separate 
the flanges (assuming a perfect joint) is equal 


FIG. 2 


to the lateral load -7854pD?, and the resistance 
offered by the joint bolts is equal to -7854d,2fN 
where N is the number of bolts in each flange 


Fic. 3 


joint, and d, the diameter of the bolts at the 
bottom of the thread. 


Then -7854d,°fN = -7854pD? 


ee 
“S= gin = 


250 X I0? 
*84* X I2 


= 2952/Ib. sq. in. 
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This stress for steel, giving a factor of safety 
of about 25, is very small and does not represent 


Full Size 
Fic. 4 


the actual stress in the bolts. Obviously, when 
the pipe is subjected to steam pressure the 
bolts will be strained and if they were, previous 
to taking the steam load, in an unstrained 
condition, the immediate effect of loading 
would be to separate the flanges. To avoid this 
it is necessary to produce an initial strain in the 
bolts, such that when the pipe is loaded, the 
elasticity of the material acts like a spring - 
preventing a widening of the joint. The 
amount of initial strain is usually in excess of 
the minimum required and, consequently, the ~ 
actual stress in the bolts is not only greater 
than that given by the above calculation, but 
is in the nature of an unknown quantity. 
Another important feature of the joint con- 
struction is the resistance it offers to the leakage 
of steam. We may consider that part of the 
flange between each two adjacent bolts to con- 
sist of a beam carrying an equally distributed 
load of #lb.sq.in. This loading would tend 
to produce a deflection widening the joint 
between the bolts. Now assuming a maximum 
allowable opening, due to this deflection, to 
avoid leakage of steam of din. Then if l= 
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pitch of bolts in in., b 
in in. 


width of flange 


poll? pi 
00 “Fors * Erë 


3 l*k ‘ 
heat, = 2 where & is a constant and E is the 


modulus of elasticity of the material in lb. 
sq. in. 


ei, i, 5° K-20. x 10° n 
B yn 250 X 4-06! `~ 445. 
Application. We may now proceed to use the 


above reference drawing as a guidance in- 


designing and drawing a steel steam pipe to 
the following specification: bore = 12 in., 
length = 5 ft. 6 in., steam pressure = 240 lb. 


sq. in. First, to determine the thickness of 
tube we have, using the above data— 
D 240 X I2 
Eee D 
2 ft. 2 X 2500 
say, {y in. 


Commencing our drawing with the sectional 
detail, Fig. 3, having lines aa and bb at right 
angles, we may proceed with lines representing 
the tube thickness and flange thickness in way 
of the rivets. Proceeding with the detail of 
the rivet (the proportions of this detail together 
with proportions of standard nuts and bolts 
can be obtained from most engineers’ pocket 
books) we may determine the position of the 
flange end and the inside bolt face of the flange 


24—(5462) 
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by allowing the standard distance of 14d. 
Allowing for rin. diameter bolts, as in Fig. 1, 
we may determine the PCD of the bolts by 
drawing, in dotted lines, a 1 in. nut to clear the 
flange and rivet. Having found a value for 
the PCD we can determine the required 
number of bolts N. 


y pD? 240 X 12? F 
NÃ- m a 842° °° 
say, 16. 


Further, this value of N allows us to find 
the value of /, the pitch of the bolts, which is 
approximately 
ED 7705 

Ne 16 


From this we can find the minimum value 
of ¢, the flange thickness. 


: pltk\t 240 X 3-484 X 1440\3 
caer ae 29 xX 108 


= 1205 in, 
‘say, I4 in. 


= 3°48. 


From this outline, Fig. 3, we may proceed to 
the complete working drawing as shown in 


Fig. 4. 


EXERCISE 
Make a working drawing of a steel pipe, 8 in. bore, 
7 ft. 6 in. long, to take steam at a pressure of 


200 lb. sq. in. 
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By ENGINEER LIEUT.-COMMANDER T. ALLEN, R.N. (s.R.) 


LESSON V 
VALVES AND VALVE GEARS 


Slide Valves. The admission, expansion, and 
compression of the steam in the cylinders is 


Fic. 7. SIMPLE SLIDE VALVE 


effected automatically by means of valves 
driven through valve gears. The points of 
admission, cut-off, release, and cushioning may 
be located approximately for any given engine 
by an inspection of the indicator diagram, and 
for the simple slide valve, these events are 
determined for both sides of the piston by a 
single valve. This type of valve is shown 
diagrammatically in Fig. 7. 

Neglecting the obliquity of the eccentric 
rod, a valve of the simple non-expansive form 
shown in black is in the centre of its travel A 
when the crank is at dead centre B, and the 
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Fic. 8. DIAGRAM OF MEYER’s EXPANSION VALVES 


eccentric go° in advance at C. With this type 
of valve, steam is admitted throughout the 
whole of the forward stroke to dead centre D, 
during which time port Æ is uncovered and 
covered at edge e by the movement of the 
valve and of the eccentric to F. During the 
return stroke (D to B and F to C) these events 


are repeated for the other side of the piston 
through port G, and port E is again uncovered 
and covered at edge h for the passage of the 
exhaust steam. It will be seen that with this 


valve and setting no expansion of the steam is 
obtained, but the arrangement is sometimes 
used in marine work for steering, capstan, 
starting and turning engines, in which a simple 
reversing engine is produced by introducing 


Fic. 10. DIAGRAMMATIC OUTLINE OF 
STEPHENSON’S LINK MOTION 


hand-controlled gear for changing over the 
functions of the steam and exhaust ports. 


RECIPROCATING STEAM-ENGINES 


In order to secure expansive working and 
greater economy, it is customary to modify the 
valve and setting by giving an angle of advance 
-0 to the eccentric, thus causing cut-off to occur 


Pin C describes 


Guide B for 
Oval Paths 


Link A 


~ Note: Travel of Valve altered by adjusting 


Angle of Guide B‘ thus affecting 
position of Oval Locus of C: 


Fic. 11. DIAGRAMMATIC OUTLINE OF Joy’s 
RADIAL VALVE GEAR 


before the crank reaches dead centre D. With 
the unmodified valve, admission of steam still 
occurs when the eccentric is at C, but the crank 
is now at H*or 90° + @ behind the eccentric. 
The opening of port E is, therefore, too great 
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eccentric is 270° and 90° respectively from the 
inner position K. With an angle of advance 6, 
the crank is therefore 90° + 0 behind the 
eccentric, so that release and cushioning are 
hastened by advancing the eccentric and 
occur before the crank reaches the dead 
centre. Also, if a portion? is added to the 
inner edge of the valve (positive inside 
lap), release occurs later and cushioning 
earlier, and the reverse takes place if a 
portion is taken away from the inside 
edge of the valve (negative inside lap). 

The travel of a slide valve is equal to 
twice the radius of the eccentric 

2R = 2 (outside lap + max. port 

opening to steam), 

or 2 (positive inside lap + max. port 

opening to exhaust). 

A cut-off of about 75 per cent of the 
stroke is common with ordinary slide valves, but 
with the steam pressures now in use itis necessary 
for economy to cut-off at much earlier propor- 
tions of the stroke. Excessive outside lap and 
angular advance are, however, accompanied by 


FIG. 12, SECTION THROUGH CYLINDER FITTED WITH CORLISS VALVES 


when the crank reaches dead centre B, and to 
correct for this it is necessary to add to the 
valve the shaded length O, known as “ outside 
lap.” Where the inner edges of the valve and 
steam ports coincide; with the valve in mid- 
position, release and cushioning occur when the 


undue wire-drawing and too early release and 
compression, so that the single slide valve is 
not suitable for cut-offs less than about -6 of 
the stroke. 

Expansion Valves. Where earlier cut-offs are 
required with slide valves, auxiliary expansion 
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valves with fixed cut-offs, or with cut-offs regu- 
lated by hand or by the governor, are fitted to 
work on the back of the main valve ; which is 
extended and arranged with additional ports 
L, M, at each end as shown in Fig. 8. The 
expansion valves are driven by a separate 
eccentric and, by increasing the distance d 
between them, earlier cut-off is effected ; since 
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pressure, or capable of lifting from its seat to 
allow the escape of water, so that relief valves 
for the cylinder are essential. 

Link Motions and Radial Gears. Slide valves 
are used to-day for small auxiliary engines and 
low-pressure cylinders of large marine engines, 
and piston valves for vertical high-speed engines 
and locomotives. Where reversal of the engine 
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ARRANGEMENT OF VALVE GEAR FOR CORLISS CYLINDER AS MADE BY 


Messrs. J. MUSGRAVE & SONS 


the cut-off occurs when edge g reaches h, or 
k reaches J. Release and cushioning are still 
controlled by the main valve which acts as an 
ordinary slide valve. 

Piston Valves. The steam pressure on the 
backs of large slide valves is lable to cause 
excessive wear of the valve faces and gear, and 
to obviate this, relief frames or rings which 
reduce the area exposed to steam are sometimes 
fitted. The difficulty may be more completely 
overcome by designing the valve in the circular 
form, known as the “ piston valve.” This valve 
is in equilibrium as far as steam pressure is 
concerned, but is not pressed to its seat by the 


is required, e.g. marine and locomotive engines, 
link motions or radial gears are employed. 
Stephenson’s link motion is illustrated in 
Figs. 9 and 10. With the crank in position, 
O A, Fig. 9, eccentric centre B and direction of 
rotation x, it is necessary, in order to change 
the direction of rotation, for the eccentric 
centre to be moved to some position B,. This 
is effected by having two eccentrics with centres 
at C and D (Fig. 10) connected through eccen- 
tric rods RR, to the link E, which may be 
moved by the operating rod F, so as to permit 
of the motion of either eccentric being trans- 
mitted through block G and rod H to the valve 
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K. The nearer the block is to the centre of the 
link the earlier is the cut-off, so that the link 
motion may also be used to regulate the expan- 
sion in the cylinder. 

In radial gears, movement is given to the 
valve by an arrangement of links in which the 
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type—as the system of independent valves pos- 
sesses the following important advantages— 

I. Reduction of the clearance spaces and 
condensation. 

2. Independent adjustment of admission, cut- 
off, release, and compression. 


FIG. 14. COMBINED SPEED AND AIR-PRESSURE GOVERNORS 
COUPLED TO CORLISS TRIP GEAR 


locus of some point has the form of an oval 
curve. Motion is derived from a reciprocating 
or rotating part of the engine, and reversal and 
variable expansion are obtained by varying the 
directions of the axes of the curve, as illustrated 
in the diagrammatic arrangement of Joy’s 
radial gear, Fig. II. 

Independent Valves. Slide and single piston 
valves are not often found in modern station- 
ary engines—apart from the vertical high speed 


3. Adaptability to close 
through light working parts. 

4: Good cylinder drainage, and small power to 
operate valves. 

5. Reduced wire-drawing, due to good steam 
opening and quick cut-off. Free opening to 
exhaust. 

Independent valves, as fitted to-day, are 
usually of the Corliss or drop-valve types. 
The valves may have a positive drive by direct 


cut-off governing 
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connection to the gear; they may be driven 
through “ trip gear ” controlled by the governor, 
or they may have a semi-positive drive by means 
of cams and rollers. 

Corliss Valves and Gears. Fig. 12 shows a 
section through a horizontal steam cylinder 
fitted with Corliss valves. The two steam 


valves are placed at the top corners of the 
cylinder casting, and the exhaust valves at the 
It is, of course, possible to vary this 


bottom. 
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separate eccentric for the exhaust valves. A 
typical gear of this type, built by Messrs. 
Musgrave, and suitable for operating the valves 
shown in Fig. 12, is illustrated in Fig. 13, and 
a photograph of the gear (with additional con- 
trol of the trip gear by air-compressor pressure) 
is shown in Fig. 14. i 
The exhaust valves Æ E, (Fig. 13) receive 
motion from rod A, which is driven through a 
carrier lever, from the exhaust eccentric on the 
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arrangement, by accommodating all the valves 
at the bottom of the cylinder or by locating them 
in the cylinder covers. The valves are, in 
effect, circular plugs having an angular motion 
over the seats, timed to establish or destroy 
communication between the steam or exhaust 
chambers and the cylinder, so as to effect the 
correct distribution of the steam. The valves 
are either driven positively, through a wrist 
plate and rods ; from an eccentric on the crank- 
shaft, or through a trip gear with single or double 
eccentrics. The first type of gear is rarely 
fitted, as the cut-off is only variable between 
small limits. The most frequent arrangement 
embodies an eccentric and trip gear for the 
steam valves, and a positive drive from a 


crankshaft. These valves have, therefore, a 
fixed movement, but means for adjustment are 
provided in the rods. The motion of the steam 
valve eccentric is transmitted through a carrier 
lever and rod B to the rocking lever C. This 
lever is fitted at its upper end with hardened trip 
plates, and similar plates are fitted at the ends 
of the valve rods FF. When the trip plates are 
in engagement, the movement of lever C is 
transmitted to the double-ended valve levers 
GG, thus causing the steam valves S,S, to 
open. The valve levers GG are connected at 
their upper ends, through rods K K, to pistons 
at opposite ends of the dashpot casing L. 
Between the pistons is a spiral spring and the 
valves are opened against thé resistance of the 
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spring, which closes the valves when the trip 
lates cease to engage. Upon the return of the 
lashpot pistons after closure of the valves, 
vir is compressed in the dashpot and released 
through small openings capable of regulation 
by suitable adjusting screws V V. Disengage- 
nent of the trip plates occur when the valve 
‘ods FF are released upon contact with the 
ollers MM. These rollers are carried upon 
evers NN, connected through rods OOQ and 
ever P with the sliding block of the governor. 
The height of the rollers and the point of “ trip ” 
ire, therefore, controlled by the governor which 


s thereby enabled to regulate the cut-off to. 


suit the load demand, with uniform engine 
speed. Should the governor lose speed, due to 
2 failure of the driving ropes or gears, the 
sonnection between rod Q and lever P is broken 
1utomatically by a suitable catch, so that the 
valve rods FF are lifted clear of the trips by the 
‘ollers MM which move upwards upon the 
escent of weight R. The steam valves are thus 
orevented from opening, and a dangerous rise of 
speed and possible breakdown of the engine 
voided. Similar precautions are sometimes 
aken to prevent opening of the valves in the 
event of the engine speed rising to a certain 
imit above the normal. Such an increase 
night be caused by failure of the main drive or 
xy sudden removal of the load. In any case, 
undue rising of the governor, due to the increas- 
ing speed, is followed by automatic reduction of 
the cut-off and eventually, by closure of the 
valves. 

The safety devices may, with advantage, be 
sombined with a vacuum breaker for destroying 
the vacuum in the condenser after the steam 
valves are closed. If, for any cause, the dashpot 
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should fail to close the valves when the trips 
are released, closing is effected by the engage- 


_ment of the projecting pieces H H on the rocking 


lever C, with projections TT on the ends of the 
valve rods. The valves shown in Fig. 12 are 
arranged to admit or exhaust steam to or from 
the cylinder at two edges, and are termed 
“ double-ported’’ valves. In small engines 
single-ported valves may be employed, or the 
exhaust valves only may be double ported. 
Double-ported valves enable the valve travel 
and the length of the trip levers to be 
reduced. Incidentally, the principle may also 
be applied in the case of ordinary slide or piston 
valves. 

Range of Trip. With single eccentric Corliss 
gears the maximum range of trip is less than 
half the stroke, and this is not sufficient for 
engines taking heavy loads, in which cut-offs up 
to 50 or 60 per cent of the stroke may be 
necessary. The range is increased in double 
eccentric gears up to 70 to 80 per cent, although 
such large cut-offs are abnormal as far as the 
ordinary working of the engine is concerned. 

Speed of Rotation. The short time available 
for the engagement of trip gears imposes a 
limit upon the speed of engines so fitted. A 
speed of I30r.p.m. is an approximate safe 
limit for Corliss trip gears, although 100 r.p.m. 
is a more usual maximum working speed. 
Engines with Corliss trip gears have been built 
up to powers of 5,000i.h.p., and the gear may 
be applied to vertical as well as horizontal engines. 
Fig. 15 shows a Musgrave vertical three-crank 
compound engine of this type and power, with 
one high-pressure and two low-pressure cylin- 
ders ; built for a speed of 75 r.p.m., stroke 5 ft., 
and steam pressure 150 Ib. per sq. in. 
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PATTERN-MAKING AND FOUNDRY WORK | 


By J. McLacHLAN anD C. A. OTTO 


LESSON V 
GREEN SAND MOULDING—(contd.) 


THe facing sands for moulds to receive cast iron 
usually contain coal dust. This is added to give 
a good skin to the casting. The coal dust 
generates a gas at the time of casting which 
forms a thin film against the face of the mould, 
and this prevents, to a considerable extent, that 
fusing action which would give a roughened sur- 
face to the casting. Partly for reasons of 
economy and partly also to the fact that too 
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much coal dust would be injurious, the amount 
is graded to suit the sectional thickness of metal 
in the casting. The amount varies from one 
part of coal dust to about seventeen parts of 
sand for light work, to one in eight for castings 
of heavy sections. 

Green sand facings for cast iron are fre- 
quently referred to as strong or weak mixtures, 
according to the amount of coal dust in them, 
without reference to the bonding qualities. A 
weak facing sand in this sense implies a low 
percentage of coal dust. Other ingredients may 
be used instead of coal dust, such as finely 
ground coke and charcoal or blacking, but coal 
dust is comparatively cheap and quite as effec- 
tive for the purpose of giving a good skin to the 
casting. 

It is only necessary to add that amount of 
coal dust to a mixture which enables it to 
maintain the film of gas until the metal has solidi- 
fied. Coal dust is not used as an admixture for 
green sand facings to receive steel, because the 
gas generated would not withstand the higher 
temperature, but it is frequently used in moulds 


to receive some of the bronzes, especially if they 
are skin dried. 

Apart from the use of coal dust, all facing 
sand consists of varying proportions of new and 
old sand. It is of little value giving represen- 
tative mixtures for facing sands suitable for 
green sand moulds, as the character of the work 
to be done, the kind of metal to be cast, and the 
composition of the moulding sand at hand, are 
the factors which determine the mixture. 

Open Sand Moulds. This term is applied to 
all moulds that are uncovered at the time of | 
casting. It has one great disadvantage in that 
only castings that have a level surface can be 
made in such a mould, and this fact considerably 
affects its usefulness. Quite apart from this dis- 
advantage, fluid metals at a high temperature — 
are in a constant state of ebullition while in con- 
tact with the air, and they continue in this 
condition until the metal solidifies, conse- 
quently, the top surfaces of castings made in 
open sand moulds are very rough, and are only 
fit for the roughest work. Open sand castings 
may be used for bedding into cement, for plates, 
when only one side is required to be clean, but 
they are more generally associated with mould- 
ers’ tackle. An open sand mould for a plate is 
shown in Fig. 9, the runner being at A and 
flowers, for determining the thickness of plate, at 
BBB. 

Closed Moulds. This term is applied to all 
moulds that are covered at the time of casting. 
They are used either to give a better top face 
to a casting required to be flat, or for making 
castings when the top surfaces are other than 
flat. The majority of castings required corre- 
spond.to the latter, thus closed or covered 
moulds are more generally employed. 

When a mould is to be covered, some arrange- 
ment is involved for supporting the sand, and to 
facilitate the removal of the cover for the with- 
drawal of the pattern. Moulding boxes are 
used for this purpose, and these may consist of 
two or more parts according to the need for 
separating a mould, either to extract the pattern 
or for introducing cores which form the internal 
shapes of castings. Moulding boxes vary much 
in size and shape, depending upon the work to 
be done, and they are usually made of cast iron, 
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although mild steel, aluminium, and wood boxes 
are also used. Pins are fitted to the box parts 
to register their correct relative positions and 
facilities are made on the boxes for handling. 
The bracket casting in Fig. 10 is a type of cast- 
ing that would need to be made in a covered 
mould, and Fig. 11 illustrates a suitable mould 


partly prepared. This would be known as a 
two-part mould, the bottom part being termed 
the drag and the top part termed the cope. 
There are two methods adopted for the prepara- 
tion of sand moulds, these being known by the 
terms turning-over and bedding-in. The use of 
the turnover method predominates in green 
sand work, and it will be better to consider this 
method only in this article. 

Preparation of Moulds by the Turnover Method. 
When the turnover method is adopted, it means 
that the drag is prepared in an inverted position 
and then turned or rolled over. The method 
possesses advantages over bedding the pattern 
into sand. In both methods, it is necessary t6 
ram the sand when forming the mould, in order 
to consolidate it and give it strength. The 
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turnover method gives better access for ram- 
ming, and a more regular density is obtained. 
It is particularly suitable for preparing moulds 
from patterns that are so jointed that the bottom 
part can be laid flat on a ramming board, as in 
Fig. 12. The drag part of the moulding box 
should also be placed on the board and sur- 
rounding the pattern section. The facing sand 
is then applied over the pattern supported by 


ordinary floor sand which is rammed. The 
ramming tools used are indicated in Fig. 13, 
which shows two forms of pene or pegging 
rammers, and a common form of flat rammer. 
The pegging rammer should be used first until 
the box part is more than full, when the flat 
rammer can be used. The sand should be 
applied gradually and rammed so that the 


density is made regular. After using the flat 
rammer, surplus sand is strickled off with a 
straight-edge, when the drag can be turned over 
preparatory to making the cover. 

When the pattern will not rest flat on a ram- 
ming board, such as is shown, it may be neces- 
sary to make a special ramming board which 
will determine the joint of the mould. For this 
purpose an odd-side or false-part may be used. 
An odd-side is a temporary expedient for 
supporting the pattern, and for shaping the 
joint of the drag made on it. A box-part is 
generally used for this purpose, and in principle 
it is similar to the ordinary ramming board. 

After turning over the drag, the joint surface 


PENE FLAT 
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is sleeked with a trowel and the other pattern 
section located. Parting sand is applied to the 
sand joint and sand is used to form the cover 


_in exactly the same manner as for the drag, but, 


since the mould will be covered at the time of 
casting, an entrance must be made for the metal. 
This is done by ramming a suitably placed gate 
stick with the sand, as at A in Fig. 11. Fre- 
quently, a riser is required on the high parts of 
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a casting to assist in removing dross that may 
enter with the metal, or, it may be used on thick 
parts to act as a feeder during the time the metal 
is shrinking. Provision for a riser is made 
similarly to the gate or runner, as at B in 
Fig. IL 

When the cope is completely rammed and 
surplus sand struck off the top, the sand is cut 


FIG. 14 


away from about the gate and riser sticks, to 
form basins, and the wood sticks are removed. 
The cope part can then be lifted, a sprue cut 
to connect the runner with the mould, and the 
pattern withdrawn, the cope being returned to 
its former position preparatory to casting. 
Another form of mould made by the turnover 
method is illustrated in Fig. 14. In this instance 
the joint of the mould is not flat. The method 
of producing the drag is exactly similar to that 
already referred to, but, after turning over, the 
sand must be cut away to the largest diameter 
of the pattern to form the joint as shown. The 
other half pattern is then located and held down 
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while sand is rammed in the groove, a second 
joint being then formed upon which the cope is 
rammed. The central sand is loose in this 
instance, and when the cope is lifted only one 
pattern section can be released, but, if the cope 
is returned to its position and the whole mould 
turned, the drag can be lifted. The loose body 
of sand then rests on the cope, and the remaining 
pattern section is easily withdrawn. The cen- 
tral sand should be reinforced with nails, and 
it is advisable to vent it with wire in order 
to direct the release of gases generated when 
casting. 

Reference has been made to the need of rein- 
forcing sand and also to the use of the vent 
wire, both very necessary requirements in the 
preparation of moulds. Weak parts of a mould 
must be supported in order that they will be 
strong enough to resist the rush and pressure of 
the fluid metal, and also to strengthen the sand 
during the time the pattern is being extracted. 
The use of nails for this purpose is the simplest 
form of what is termed rodding, to which fur- 
ther reference will be made later. With regard 
to venting, while it is advisable to make use of 
the vent wire in practically all green sand 
moulds, it is of very special importance for 
those to receive cast iron. Venting a mould 
means the provision of channels by which air 
and gases can most readily escape with least 
effect upon the casting being produced. Vent 
holes that are made by means of a wire should 
not penetrate to the face of the mould, other- 
wise metal will enter and they will be rendered 
useless. 
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JIGS AND TOOLS | 


By Leo Kersey, A.M.1.P.E. 


LESSON V 
DRILLING AND BORING JIGS 


THERE are two distinct classes of drill jig— 
the open or plate jig, and the closed or box 
ig. In designing open jigs, the following points 
must be observed.— 

No drill must cut outside the geometrical 
base of the jig. If the component is to form 


FIG. 37 


the base of the jig, and there are subsequent 
operations, the component must be machined on 
that surface ; if the jig is to have “ feet,” these 
must be of relatively large bearing surface, if the 
drilling machine table is A 
much worn or pitted ; unless 
it is otherwise impossible, 
the pressure of the drill upon 
the component should never 
be taken by clamps; always 
endeavour to arrange drill 
bushes so as to press the 
component into the locating 
points and not out of them. 
A good example of a simple 
open drill jig is shown in 
Fig. 37. The component is 
here being drilled from three 
sides. The jig is an iron 
casting, designed’to give the 
minimum of machining ne- 
cessary to finish it. It is 
machined where marked f. 
The casting is located by 
the pins P, and pressed on 
to the face A by the clamp- 
ing screws B, which are 
tightened with a special box 


spanner. The screws are only given a few turns, 
and the component can be slid out sideways. 
A quick-acting clamp might have been used, but 
the job did not warrant anything but a simple 
jig, also, the components were heavy, and there- 
fore slow to work on. 

Drill jigs to be used on a multi-spindle drilling 
machine, and those having many holes being 
drilled simultaneously, should be more massive 
and rigid to resist the increased pressure. This 
is especially true where drilling against the 
clamps is unavoidable. The object in -making 
drilling jigs with four feet on bearing surfaces 
is because a larger area for drilling is obtained 
without increasing the overall dimension of the 
jig unduly ; also, in some measure, to the fact 
that, although three feet are sound, shoulda chip 
or burr get under one of the feet, the jig will 
not rock when pressed, and so warn the operator, 
as a jig with four feet would do. 

A design of box jig is shown in Fig. 38. This 
jig will drill holes in four directions, one of which 
is at an angle. It is an iron casting. The 
bush marked A is removable, and is replaced 
by another, slightly larger in bore, to enable 
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the component to be reamed after drilling. The 
bush B is screwed and is used as a clamp for 
the component; the hinge pin of the leaf C 
is fixed in the leaf and moves in the jig body. 
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This is done to obtain wider bearing surface. 
The component is located by a key H, and 
the internal taper of the bush B. It should be 
observed that, although this 
jig is light and has no sharp 
corner, it has great rigidity 
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fixture is the base A, the notched ring C, and | 


the drill bridge E. A number of rings with 
different spacing are generally made for use in 
the same fixture. The spring-loaded stop H 
is made detachable. 
means of the large nut or handle K. This type 
of jig is largely used in drilling flanges, etc., 
where a variation of pitch and number of bolt 
holes is to be expected. It becomes very 


Locking is obtained by ~ 


economical when once the base and a number of © 


differently spaced locating rings have been made. 


However, unless somewhat elaborated, it is not — 


very rapid to use, except on deep holes, when 
the power feed of the drilling machine may be 
used, thereby providing idle time for the opera- 
tor, which can be used for loading. 

Boring Jigs. 


This type of jig is used when 


the holes are too large for drills, and when 


alignment and diameter have to be accurate. 
The boring bars are usually placed one on each 
side of the holes, or holes to be bored, and rota- 
tated, and simultaneously fed through the work 


or the jig, and the component is fed over the ~ 


rotating boring bar. Boring jigs frequently 
have to withstand bearing loads, and are there- 
fore made extremely stiff and massive, internal 
and external bracing being used. Provision 
must also be made for securely fastening the jig 
to the boring machine table. Tenons are used 
to locate the boring jig on the machine table. 
Although the bearings for the boring bar should 
be placed close to the component, sufficient 
space must be left for the insertion of reamers, 
boring tools, facing cutters, etc. Boring jigs 
are made of good iron castings, but it is often 
found cheaper to build them up of iron or steel 
plates secured to a bearing base. The latter 


and is easy to mould, cast, 
and machine. 

A different type of jig from 
either open or box design, 
although it may embody either, 
is the indexing jig, or fixture, 
shown in Fig. 39. This class 
of jig is very useful where a 
number of holes have to be 
drilled in components which 
may be of different sizes in one or two dimen- 
sions. By carefully arranging the locating sur- 
faces, and laying out the component, holes 
which have not a radial dimension may be 
correctly drilled, The essential feature of the 


FIG. 40 


practice is not recommended, however, as, unless 
the bearing holes are absolutely in line, the entire 
effectiveness of the jig is lost, and scrapped work 
is the result. 

In Fig. 40 is shown a simple boring jig for 


boring two holes. In the component the two 
holes are of the same diameter and therefore 
only one bar would be used, although frequently 
a number of bars are necessary. The component 
is clamped very securely to the jig (clamps not 
shown). The holes to be bored have been 
opened out with a drill first, as this is easier and 
much cheaper. The facing cutter and reamers 
are inserted in the space A. In some com- 
ponents the holes to be bored are placed at an 
angle axially; in setting the boring jigs for 
these holes a special base is used+on the machine 
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table, and the jigs secured toit. Fig. 41 shows 


Topped holes for Halding-aoy 
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a similar base. 
the jig. 


The groove M is for locating 
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By Josep G. Horner, A.M.I.Mecu.E. 


LESSON VIII 
LATHE: TOOLS 


Tue tools used in the lathe resemble those 
employed in the planing, shaping, and slotting 
machines, so far as their cutting angles are 
concerned. The differences are those which 
result from the methods of feeding. In the 
lathe, the tool cuts a spiral compounded of 
revolution of the work and traverse of the tool. 
In the other machines the cut is straight, and 
the tool (or the work) is fed between cuts. 
Consequently many lathe tools—the greater 
number—now have side rake, that is, the tool is 
bent or ground in the direction of the lateral 
traverse. Another difference is that the knife- 
edged tools are used now toa large extent in the 
lathe, removing deep shavings with fine feeds. 

Variable Conditions. The difficulties that 
surround the problems of tool angles, and tool 
endurance, may be inferred from the fact that 
Mr. Taylor classed the variables in the conditions 
subject to which metals of various degrees of 
texture are cut, under a dozen heads. They 
include differences in the homogeneity of the 
material being cut, in the amount of support 
afforded to tools, and to the work, the differ- 
ences that occur in tool steels nominally alike, 
and to the volume and kind of lubrication 
afforded. i 


Tool Angles. These are the elements that 


mainly control the efficiency and the durability 
of tools, excluding the secondary considera- 
tions of support and lubrication. The angles 
are those of its top face, its lower or front sur- 
face, and that of the tool, included between 
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these. The shape of the tool in plan is a matter 
apart from that of these angles. 

Permanence of Edge. Although the action of 
a cutting tool is incisive—wedge-like, the. angle 
of the tool is very large by comparison with that, 
say, of a carpenter’s chisel or plane. The 
increase is necessary to ensure reasonable 
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permanence of the cutting edge, which should 
endure for periods measured by hours. Yet 
two angles must be provided to ensure the clean 
severance of chips—that of top rake, Fig. 38, 
and that of front clearance. The first is sloped 
as much as is permissible in order to give 
incisive action, and to conduct the chip down and 
away with as little friction and fracture as 
possible, which absorb power. It is here that 
the largest variations occur, from zero for turn- 
ing brass, to 35° or 40° for the soft mild steels, 
wrought iron, and copper. The purpose of the 
angle of front clearance or front rake is to reduce 
friction between the tool and the work. It 
need not exceed about 7°, but is frequently 
more. The angle included between this and 
the top rake is the tool angle. The greater this 
is, the stronger and more durable is the cutting 
edge. For wrought iron and mild steel the 
tool angle may be as low as 50° or 55°, for hard 
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carbon and tool steels, and hard cast iron from 
75° to 80°. 

Side Top Rake. Since the lathe tools must 
traverse as they cut, the angles should not be 
measured, nor the tool edges shaped in the axis 
of a straight bar, but on an angle approximating 
to the direction of traverse of the tool, so giving 
a side rake. And as tools have to be fed in 
both directions, they are bent, or ground right- 
and left-handed. When straightforward tools 
are used they are commonly set at an angle in 
the tool post in the direction for their feeding. 
In Fig. 38 the difference is shown between 
top rake and side top rake, and also that 
between a straightforward tool and one that is 
bent. 

Standard Angles. To avoid a bewildering 
diversity of tool angles, such as prevailed in the 
old shops when every man ground his own set, 
and which experience has proved to be unneces- 
sary, it is usual now to have only two standard 
angles to which all tools are machine-ground. 
One is for cast iron and the harder grades of 
steel, the other for mild steel and wrought iron. 
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The first have a side top rake of 14°, the second, - 
one of 22°. The tool angle of the first is about — 
70°, that of the second is 50°. Very precise- 
angles cannot be asserted as being the best 
possible for any one nominal grade of material, ° 
for there are differences in physical conditions, 
and the variables just now mentioned exercise 
important controlling influences on results. 

Plan Outlines. These appear in a a | 
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multitude of forms to suit the varied shapes of 
work, for roughing and finishing, for deep or 
shallow cutting, and for high speed work. The 
tool angles are alike or nearly so in all. In 
Fig. 39, A is the old form of the common round 
nose, used chiefly for roughing, and set either at 
right angles with the axis of the revolving work, 
or at an angle. B and C are similar, except that 
they are bent in the direction of traverse. D 
shows right- and left-hand tools that are not 
bent, but are ground at an angle corresponding 
with the direction of feeding. In Fig. 40 
familiar outlines are shown. All the older tools 
terminated in a convex nose—the “ round- 
nose,” A to C, the difference being that of the 
radii. A for light cutting at high speeds, B 
for heavier turning with slower speeds. Material 
is removed rapidly, but minute ridges are left 
on the surface which must be removed with a 
broad-faced finishing tool. The broad-nosed 
designs, E to H are now preferred for heavy 
reductions. They have straight or nearly 
straight cutting edges inclined at an angle with 
the axis, and ground to give side rake in the 
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direction of traverse, and the tool that roughs 
also finishes smoothly. In a round-nose cutting 
deeply, ground straightforward, and set at 
right angles with the surface of the work, the 


_ greatest thickness of chip does not coincide 
with the point where the tool angles meet, but 


on the leading edge, some way round, varying 
with the depth of cut, where there is no angle 
of top rake, and incisive action is absent. This 
is shown by the section of the chip in Fig. 40 F. 
Equal cutting is assured by setting a straight- 
forward tool at an angle for traverse, or by 
grinding it with side top rake and front clear- 
ance, or by bending it. Figs. D to J illustrate 
tools having their angles in the direction 
of feed, and each will cut deeply“and finish 
smoothly. Fig. 41 illustrates tools used for 
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cutting up to shoulders. That at the left is 
only suitable for light cutting, that at the right— 
the knife tool, takes a cut I in. deep or more, 
with fine feeds. It is used for turning and 
finishing on shouldered pieces, and also, set at 
an angle, say, 30° or 45° for rapid turning, and 
for chamfering. 

Roughing and Finishing. Tools for these two 
purposes are not so commonly separated as they 
once were. The springy tool that was once 
firmly entrenched in the turner’s armoury is 
never used now.’ It smoothed a surface, but 
was not accurate, and was frequently supple- 
mented with the file. A broad-faced tool may 
be employed for finishing, but more often the 
tool that roughs, also smooths, in the same, or 
in a second cut. If a superfine surface or a 
close degree of accuracy are wanted, the grind- 
ing machine is commonly enlisted. Finishing 
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tools are now mostly represented by those with 
formed outlines that scrape only, having no 
top rake. There is no limit to shapes, since 
they are made to correspond with the profiles 
of work, and so save much trouble that would 
be entailed without their help in changing 
simpler tools in the rest. The most common 
forms are the round-nose, and the concave for 
fillets. 

- Stiffness of Shanks. Another difference in 
the old and the new is, that the cranked form of 
tool, once nearly universal, is almost entirely 
displaced by tools that are not cranked. The 
object sought was, to prevent risk of the tool 
digging in when cutting deeply, the tool yielding 
to excessive pressure. Now, the aim is to 
support the tool so effectively that it will stand 
up to the heaviest duty imposed. Contributory 
to'this is an alteration in the cross-sections 
of the shanks.” Formerly square, they are now 
rectangular with a depth from one and a half to 
twice that of the width, the resistance to bending 
being as the square of the depth. 

Speeds, Steels, Lubrication. Peripheral cut- 
ting speeds, though often stated, are of only 
slight value. For carbon tools they were : cast 
iron, from 15 to 20 ft. per minute, steels from 
15 to 30ft., wrought iron from 25 to 40 ft., 
and brass from 40 to 100 ft. per minute. These 
speeds may be doubled with tools of high speed 
steel. At low speeds the tools of carbon steel 
show to greater advantage than those of high 
speed steel. But when speeds of about 30 ft. 
are exceeded, the first begin to fail through loss 
of temper, while the latter continue cutting 
nearly to the point of fusion. Another con- 
trolling fact is the relation of feed to depth of 
cut—the area of cut. The pressure is enormous. 
An ordinary tool cutting soft steel exerts a 
pressure of I00 tons per sq.in. area of cut. 
Depth of cut and feed, therefore, must be 
inversely related, if one is increased the other is 
reduced. For each class of tool, and each 
material, there is a speed that corresponds with 
a given area of cut which gives the maximum 
efficiency and durability. These the turner 
ascertains experimentally. Contributory to 
results is the stability of the tool, the lessening 
of overhang, and the volume of the lubricant or 
coolant supplied. 
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PUMPS: CONSTRUCTION AND MAINTENANCE 


By Owen A. PRICE, M.1.Mecu.E. 


LESSON V 
CONSTRUCTION 


A FEW of the more important constructional 
modifications of pump details will now be 
considered. 


WATER TIGHTNESS 


Water tightness in reciprocating pumps must 
be secured under three conditions, viz., (1) the 
bolted joint of a cover or a pipe connection ; 
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(2) the sliding surface of a piston in a cylinder, 
or of a plunger or piston-rod through a stuffing 
box, and (3) the seating surface of a valve. It 
is usual to speak of a joint where a permanent 
fastening is concerned, a packing where a sliding 
joint occurs, and a seating in the case of valves, 


where a movable member drops on to a fixed 
surface. 

Bolted Joints. For low pressures, the ordin- 
ary forms of joint may be used, such as red lead 
red lead and string, india-rubber (insertion 
jointing), millboard, fibre sheet, or one of the — 
many trade specialities for the purpose. For 
high pressures there are also many trade — 
specialities, or one of the forms shown in Fig. 16 
may be adopted. Types A and B are intended 
for india-rubber cord, and types C, D, and E 
for gutta-percha. Joints are also made with — 
lead and with soft copper rings or sheet. 

Piston Packings, Stuffing Boxes and Valve 
Seats will be considered with reference to the 
details in question. 


BUCKETS, PLUNGERS, AND PISTONS 


Buckets. Buckets may be distinguished by 
the type of packing and the form of valve 
employed. Common varieties are shown in 
Fig. 17, in which A, B, and C have leather 
packing, D has provision for a gasket consist- 
ing of greased hemp tow, and F is designed for 
a heavy rubber or gutta-percha packing ring. 
A single flap valve or clack is shown in bucket 
A, and a double flap appears in Figs. I and 2 
of the first lesson. Bucket valves of each com- 
mon type are shown. 

For small lift pumps, buckets A, B or C 
would be used, whilst D or E are suitable for 
large mine-drainage pumps or well pumps for 
waterworks. 

Plungers. Plungers are either of the vam 
type, Fig. 18, A, B, and C, or of the trunk type, 
Fig. 18, D and E, and, as shown in Figs. 3, 4, 
and 11 (of earlier lessons), water tightness is 
secured by causing the plunger to slide through 
a stuffing box suitably packed with hydraulic. 
packing or a form of leather packing. 

The length of a plunger should be designed 
so that at the ends of the stroke the plunger 
washes into the machined bore, so as to avoid 
the formation of ridges when wear takes place. 
The plunger should not be draw-filed, but 
installed in the condition in which it leaves the 
lathe, with the tool marks clearly visible. A 
smooth and durable working surface will then 
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be produced after a very short period of pump- 
ing. The plunger end should be rounded or 
pointed to avoid cavitation on the outward 
stroke and turbulence on the inward stroke. 
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Plungers possess the immense advantage that 
the packing is accessible from the outside with- 
out dismantling or even stopping the pump. 
Their disadvantage is that they are necessarily 
“ single-acting,” so that, for a given rate of dis- 
charge, a plunger pump will be heavier than a 
double-acting piston pump. 

Trunk plungers, Fig. 18, D and E are com- 
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monly used for moderately low heads where the 
guided crosshead is unnecessary. Fig. 18, C, 
shows a type of ram suitable for a bored guide, 
and in which the ram and crosshead are cast 
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in one. In many cases adjustable slippers are 
added to such crossheads. The ram plunger of 
Fig. 18, B, in conjunction with a flat guide, is 
suitable for the very highest heads. 

Pistons. The design of pistons for double- 
acting pumps depends upon the type of packing 
employed. Sometimes a central stuffing box is 
used, accessible from outside, and the piston 
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then becomes practically a double-ended ram, 
Fig. 19, A. In other cases a central metallic 
packing or bush, in place of the working barrel, 
is used with a long plain piston, Fig. 19, B, and 
in another form a central floating ring, Fig. 19, 
C, in which labyrinth grooves are turned to 
reduce leakage, is adopted in conjunction with 
an ordinary working barrel. 

More commonly, however, packing materials 
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These leathers are made by slowly forcing 
softened leather into hard wood or metal — 
moulds with suitable dies. The flesh side of the — 
leather should be outermost as it makes the best 
packing surface, and the strong fibrous skin side 
is not then rubbed away, but remains as a 
support to the leather until the packing is 
completely worn out. 

For hot liquids, leather is unsuitable, and 
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in the form of bronze or ebonite rings, Fig. 
19, D, ordinary hemp gasket, Fig. 19, E, or 
pump leathers, Fig. 19, F and G, are applied to 
the circumference of the piston itself. 

Pump Leathers. Pump leathers must be care- 
fully supported at the bend of the leather by 
well-rounded clamping plates, slightly smaller 
in diameter than the working barrel. Also, 
as shown in the figures, free access must be pro- 
vided for the working fluid to get to the inner 
side of the leather in order to press the packing 
firmly against the wall of the working barrel. 


similarly formed quilted canvas cups composed 
of several plies of canvas stitched together or 
certain proprietary packings are substituted. 
Stuffing Boxes. In many cases stuffing box 
packings are identical with piston packings, 
there are, however, some points of difference in 
the requirements of the packing. (1) A piston 
packing owing to its inaccessibility must be, to 
a large extent, automatic in adjustment, 
whereas a stuffing box can be adjusted by 
tightening the gland. (2) A piston packing is 
usually required to pack against the wall of the — 


king barrel only, but a stuffing box packing 
must pack against the piston-rod or plunger and 
also against the wall of the stuffing box itself. 
(3) A stuffing box is expected to be practically 
watertight, as leakage would be seen and would 
form pools of water round the pump. The 
piston leakage, though equally wasteful, is not 
seen, and the same degree of water tightness is 
seldom attained. For these reasons it is general 
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ractice to use one of the many commercial 
wisted or plaited hydraulic packings in stuffing 
oxes, and when leathers are employed they 
ake the form of the well-known “ U leather ” 
r“ Bramah Cup.” i 

Bushings. All but the cheapest grades of 
ump are gun-metal fitted. That is to say, the 
iternal wearing surfaces are provided with 
ners or bushes, usually of gun-metal or bronze. 
y this means the pump is easily and cheaply 
stored to practically new condition by 
bushing, also, the very rapid wear which occurs 
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with movement over a corroded surface is 
avoided by the use of non-corrodible material. 
A cast-iron plunger works very well on gun- 
metal bushes when in contact with water, but 
it is frequently necessary that a ram, internal 
plunger, or piston should be of gun-metal as 
well as the bushing or liner. This raises the 
very important question of selecting two alloys 
which will work smoothly together without 
tendency to scoring and abrasion. 
Practice differs in the alloys used, 
but a well tried typical pair is— 


Plunger: 88 parts of copper, 10 parts of 
tin, 2 parts of zinc. 

Bushing: 80 parts of copper, 10 parts of 
tin, to parts of lead. 


Pumip Valves. The valves consti- 
tute the vital part of any pump, 
and a very great number of designs 
have been proposed and are em- 
ployed. Generally speaking, they 
may be grouped under the two 
main divisions of hinged valves and 
lift valves. 

Hinged valves are those in which 
the valve plate or “ beat ” is hinged 
on a fixed axis, and arranged to drop 
on to a fixed seat encircling the water 
passage to be closed. Simple valves 
for low lifts often take the form of a 


Uy NW flap of leather or canvas (Figs. 17, A, 

NY [li and 20, A) or, a disc of india-rubber 
wW A e (Fig. 20, B) so arranged that the 
RZ Lami leather, canvas, or rubber serves 


the double purpose of hinge and 
seat jointing. In the metal hinge 
type (Fig. 20, C) the seat joint may 
be metal to metal, with the surfaces 
carefully bedded by scraping, or a 
pliable material, such as leather or 
rubber may be interposed to form 
the watertight seal. 

A hinged valve does not lift more than 20° to 
25° under a normal velocity of flow, and a very 
excessive velocity is necessary to raise it verti- 
cally. Stops are usually provided to limit the 
valve opening to 35° to 40°. 

Lift valves are those in which the valve plate 
remains parallel with the seat as the’ valve 
opens and closes. The three common types 
are (I) ball valves, (2) plate or disc valves, and 
(3) ring valves. 

Examples of ball valves are shown in Figs. 
17, B, and 20, D. Such valves would be of 
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‘solid or hollow bronze, or of solid rubber loaded 
eh metal cores or lightened with wood cores 
as required. 

_ Plate or disc valves may have flat seats as in 
Fig. 20, E, or conical seats as in Figs. 17, C, and 
20, F, and in either case the valves may be 
guided by wings (shown in Fig. 20, F), or by a 
Spindle (shown in Fig. 20, E), and also may be 
‘spring-loaded as in Fig. 20, E, or loaded only 
by the dead weight of the valve, as in Fig. 17, C, 
and Fig. 20, F. 

The object of a ring valve is to obtain greater 
valve lip area without increasing the valve lift, 
and very many forms are made with both 
flat and bevelled seats. Fig. 20, G, shows an 
example of a flat-seated single ring valve, and 
Fig. 17, E, shows a multiple ring valve with 
bevelled seats. 

Water tightness in metal valves is secured by 
grinding the working faces together with fine 
emery powder. Metal to metal faces, however, 
very quickly become scored with dirty water, 
and a yielding face composed of leather, canvas, 
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or rubber as shown in several of the examples of 
Figs. 17 and 20 must be used. Alternatively, 
a leather seal may be used as shown in two 
styles (right and left), in Fig. 20, H ; this form 
is known as the Fernis valve, and is also illus- 
trated in Fig. 17, E. 

Lift valves should always be pocketed (as 
shown in Fig. 20, A, D, F, and H) to ensure 
uniform flow round the valve and to avoid 
tilting and sticking. 

Normal water velocities through valves were 
discussed in Lesson IV. Valve loading varies 
according to circumstances, but common prac- 
tice is to allow a force of 1 lb. per sq. in of net 
port area to lift a suction valve 4 in. off its seat, 
and about two or three times this force for 
delivery valves. 

Maximum permissible pressures on valve 
seats are— 


Phosphor bronze . 3,000 lb. per sq. in. 


Gun-metal T2 000s" Pr 
Cast iron F j . 1,000 
Hard rubber or leather 500 
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By W. E. BAKER, B.ENc. 


LESSON IV 


Single Ball Thrust Bearings. The ball journal 
bearings previously described serve to carry 
loads at right angles to the shaft. To deal 
with thrust loads, which are loads in the same 
direction as the shaft, ball thrust bearings are 
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necessary. Fig. 16 illustrates a section of the 
normal construction of a single ball thrust 
bearing, or ball thrust washer, as it is frequently 
termed. Instead of the balls running between 
two concentric rings as in the case of the ball 
journal bearing, the balls run between two flat 
discs. Apart from this fundamental difference 
the construction is:much the same as the ball 
journal bearing, inasmuch as the balls run on 


grooved tracks formed in the races, and are held 
apart one from the other by means of the cage. 
As before, the balls and races are made with 
extreme accuracy from specially hardened and 
ground steel. The surfaces of the balls and the 
actual tracks are highly polished. The cage, 
which serves to keep the balls apart, is prefer- 
ably made of some good yellow metal. Similar 
to the case of the ball journal bearing, the cage 
in the thrust bearing floats on the balls, carrying 
no load beyond that necessary to maintain the 
balls in position. 

In mounting the bearing it is clearly necessary 
to ensure that both races are “ square ” with the 
axis of rotation. If this “ squareness’”’ is not 
obtained, then the balls will suffer an overload 
when passing the point at which the races are 
nearest together. One race of the bearing is 
stationary and abuts against a stationary por- 
tion of the mechanism, which must be suitably 
designed to carry the thrust load in question. 
The other race abuts against the revolving por- 
tion of the mechanism, whose endways position 
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the ball thrust bearing serves to determine. The 
balls roll in between these stationary and 
revolving races, and in a manner similar to 
that already described, serve to carry the thrust 
load by pure rolling motion without introducing 
sliding friction. 

Fig. 17 shows a typical mounting of a single 
ball thrust bearing alongside a ball journal 
bearing. The diagram illustrates the difference 
in fitting requirements between the ball journal 
bearing and the thrust bearing. As previously 
described, the revolving race of the ball journal 
bearing is made a tight fit on the revolving 
shaft to prevent “ creep.” The stationary race 
of the ball journal bearing is made a push fit in 
the housing, so that it may set itself directly 
opposite the inner race and prevent end thrust 
on the balls. In the case of the ball thrust 
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bearing, however, there is no journal load to 
search for slight differences in dimension 
between the thrust races and parts to which 
they are fitted. There is, therefore, no necessity 
to make either race of a thrust bearing a tight 
fit into position and, for ease of assembly, both 
races of the thrust bearing should be made a 
push fit into (or on to) the parts to which they 
respectively fit. 

There is, however, one possibility of “ creep ” 
occurring between a thrust race and the part 
against which it abuts. If such “ creep” is 
found it can always be traced to the abutment 
of the opposite race being out of “ square.”’ 

Fig. 17 also throws up the normal construc- 
tion of the single ball thrust washer. One race 
is seen to be smaller than the other. The 
smaller race is finished accurately in the bore 
and is to fit to the shaft. The larger race is 
clear in the bore, but is accurately finished on 
its outside diameter and is to fit inside the 
housing. This is the normal construction of a 
single ball thrust washer. Occasionally, appli- 
cations are found where it is more convenient 
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to specify the bearing as being composed of two 
large races or of two small races, but these 
cases seldom occur. The races of the small | 
light type single thrust washers are so light that — 
there is no harm in centring the stationary” 
race by the revolving shaft, and such bearings 

are made with both races identical. 

For very heavy thrust loads it is desirable 

to carry the load on two rows of balls, and | 
Fig. 18 shows a bearing of this type. Special _ 
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Fic. 18. DouBLE Row SINGLE-ACTING 
BALL THRUST BEARING 
With distributing ring 


provision has to be made to ensure that each 
row of balls carries its appropriate share of the 
load. . One race is seen to consist of one piece 
with the two tracks ground in it. The other 
race consists of two rings one within the other, 
each carrying one track. This race is supported 
by a flexible distributing ring having two coned 
surfaces in contact with the race before men- 
tioned. The distributing ring is made flexible 
by cutting it almost through alternately from 
inside and outside in various positions around 
its periphery. This distributing ring is, there- 
fore, free slightly to expand or contract. If the 
load on the outer row of balls is too much the 
distributing ring will contract and allow the 
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outer track to move away from the load. At 


the same time, the inner track will be moved 
up against the load until it takes its fair share. 


Fic. 19. DouBLE BALL THRUST BEARING 


The angles of the two coned surfaces are 
designed to suit the numbers of balls in each 
track. Very heavy loads have been carried on 
bearings of this kind, which come into use for 
heavy jobs such as railway turntables, swing 
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Fic. 20. DOUBLE BALL THRUST BEARING 
With adjusted sleeve and nut 


bridges, and for the footsteps of very heavy 
machines. 

Double Ball Thrust Bearings. To deal with 
thrust loads in both directions it would be 
possible to use two single thrust bearings 
acting one against the other. However, the 
four races which would thus be involved are 
usually combined into three races in the double 
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thrust bearing, the inner race having a track 
on either side. Fig. 19 shows the ordinary 
form of double thrust bearing of this type. It 
is mounted in the same way as the single thrust 
bearing, except that provision has to be made 
to take up back lash, without imposing initial 
load on the bearing. 

Fig. 20 shows a similar type of bearing in 
which provision has been made to facilitate 
fitting. The whole thrust bearing is mounted 
on a sleeve and nut, which nut is locked in the 
correct adjustment by the bearing manufac- 
turer. It will be noted that the end of the 
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DOUBLE BALL THRUST BEARING 
Complete with housing 


PIG. 21. 


sleeve stands proud of the nut, so that when the 
bearing is clamped up into position the clamping 
pressure goes harmlessly through the sleeve 
without disturbing the bearing adjustment. 

The double thrust bearings described above 
have the largest race in the centre. For some 
applications it is desirable to have the smallest 
race in the centre. Fig. 21 shows a type of 
double ball thrust bearing which has been 
developed complete with its housing, and which 
embodies the feature of the centre race being 
the smallest. This facilitates, in many cases, 
the fitting to the user’s shaft, and this type of 
bearing has been very largely used for worm 
gears. 
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FANS AND BLOWERS 


THEIR CONSTRUCTION AND OPERATION 


By F. G. Wuipp, A.M.I.Mecu.E., A.M.I.H.V.E. 


LESSON III 


THE actual number of blades employed for any 
fan depends upon the size of the fan and the 
type of blade, but within certain limits the 
number of blades does not affect the volume of 
air handled. The qualification is necessary in 
view of the fact that, although not directly 
affecting the volume, the number and shape of 
blades has a direct influence upon the percentage 
of slip, and therefore upon the volumetric 
efficiency of the fan. 

An experiment by Mr. W. G. Walker, recorded 
in the proceedings of the Institution of Mechani- 
cal Engineers, 1897, admirably illustrates this 
point. 

A fan of 24in. diameter was used, the boss 
being so arranged that any number of blades 
could be employed at will. The experiment was 
made with flat blades inclined at an angle of 
30° to the plane of rotation, and the speed was 
600 r.p.m. 

With six blades, the volume handled by the 
fan was found to be 2,350 cub. ft. of air per 
minute, but on reducing the number of blades 
by half, i.e. using three blades set equidistantly, 
the volume was increased to 2,535 cub. ft. per 
minute, an increase of 7-87 per cent. 

Upon a further reduction of blades, using 
only two, the volume fell to 2,140 cub. ft. per 
minute, or 8-94 per cent below the original 
figure obtained with six blades. The speed 
of 600 r.p.m. was maintained throughout the 
experiment. 

There were no blade dimensions given in the 
paper, but according to the various diagrams 
and charts these were of such a size as to occupy 
one-twelth of the total fan area per blade. 

This means that the best results were obtained 
with a blade area 25 per cent of the total wheel 
area, 

These areas, are projected and represent the 
surface of the wheel actually occupied by the 
blade when laying at an angle; the true area 
of blade surface is, of course, greater than this. 

In modern fans with open blades the ratio of 
blade surface to the wheel area is between 30 
and 40 per cent, but usually nearer to the lower 
figure. 


Effective Area. In the computation of 
capacities, the cross-sectional area of the air 
column is usually reckoned as being equal to 
that of the entire fan wheel. If velocity read- 
ings are taken at a certain distance from the 
fan and the column of air is enclosed in a con- 
duit, then it will be correct to take the cross- 
sectional area of the conduit into account in 
order to calculate the volume, but in estimating 
the quantity of air passing through a fan it must 
be remembered that there is a central boss to 
which the blades are attached, which neither 
assists in the locomotion of the air current nor 
allows it a free passage. This boss occupies 
from a fifth to a quarter of the total diameter 
of the fan wheel, so that its consideration is of 
importance. The effective area of a propeller 
fan will therefore be— 

Total area of fan wheel less the area of the 
central boss. 

Slip. Theoretically, the amount of air 
delivered by a helical system will be directly 
proportional to its pitch speed and, if the action 
were positive, the velocity of the air stream would 
be the same as that of the pitch =(pitch Xx 
r.p-m.) and the predetermination of the air 
volume delivered by a given fan would be a 
simple matter. 

No fan, however, is positive, which is to say, 
there is always a certain percentage of air slip, 
and it must be the object of the designer to 
reduce this slip as much as possible. 

When the velocity of the air current is less 
than that of the air screw, then positive slip is 
said to be taking place, and this condition 
obtains in normal practice. 

If, on the other hand, the air stream overruns 
the screw, then negative slip occurs. This 
condition can hardly happen in practice where 
a continuous flow is maintained, and where the 
propelling agency is axially stationary, but it is 
possible in the case of airplane and ship propellers 
where the vessel often overruns the equivalent 
pitch velocity of its propellers. 

Theoretical Volume. If there were no slip 
then, the axial displacement of the air current 
per revolution, and the screw pitch being the 
same, the volume delivered by the fan would 
be equal to the area swept out by the blades in 


‘square feet, multiplied by the pitch speed in 
‘feet, assuming that the blades are truly helical 
and that the air stream preserves a course 


Direction of 


Rotation 
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parallel to the fan axis. In practice, however, 
the air particles, travelling through a fan system 
do not conform to such a course, but adopt 
a spiral swirl of greater or lesser intensity, 
dependent upon the speed and form of 
blades. 

In dealing with the theory of the propeller 
fan in these lessons it will be assumed that all 
particles of air follow a true axial course. 

Considering the diagram Fig. 8, let a equal 
the angle made by the blade at any radius 7, 
c equal the peripheral speed at this radius and 
u the axial speed of air column. If there is no 
slip then u will be equivalent to the pitch 
velocity of the blades 


oru = ¢ tana. 


If the pitch is constant over the whole of the 
fan wheel, then the theoretical volume of air 
delivered 

= nm R?u 


Where R is the radius at the blade tips. 

But u = c tan a = 2r RN tana 

and the fan area is mR? 

so that volume = 27? RÌN tan a cubic feet 
per minute where N = revolutions per minute. 
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It will be evident from a study of the equation 
u-= ¢ tan a = 27r N tana 


that a constant blade angle will not give a 
constant pitch, on account of the differing value 
of r, and consequently c, as c = 277 N, so that 
in this case the mean pitch must be reckoned 
on. 
Unequal Delivery. It is interesting to note 
that in spite of the fact that a maximum pitch 
speed is attained by the tips of the fan blades, 
this does not represent the zone of the highest 
air column speed. A maximum air velocity 
is found to exist at a point about two-thirds 
distance from the fan centre on the delivery 


_ Discharge 
Side 


FIG. 9. GRAPHICAL ILLUSTRATION OF RELATIVE 
VELOCITIES OF AIR THROUGH A COMMON 
PROPELLER FAN 


side. On the suction side there is a fairly equal 
air speed, excepting when the central boss is 
approached, when the pull falls off as would 
naturally be expected. A graphical representa- 
tion of this characteristic is given in Fig. 9. 
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By R. G. Batson, A.K.C., M.Inst.C.E., M.IL.MECH.E. 


LESSON IV 
COMPRESSION TESTS 


COMPRESSION tests are seldom specified on 
ductile materials because they have no easily 
determined point of breakdown. A piece of 
mild steel, when loaded in compression, first 
of all behaves elastically, and there is a limit 
of proportionality, elastic limit and yield load. 

After the material has yielded, further load is 
accompanied by a bulging of the test piece 
until the cross-sectional area is sufficient to 
carry the load. 

With cast iron and other non-ductile materials 
the ultimate stress can be obtained with pre- 
cision. The .material fails by shearing on 
inclined surfaces, and the amount of deforma- 
tion at the point of fracture is small. 

Test pieces of metals are usually in the form 
of cylinders, whose length is twice the diameter. 


Eee ces É 


36” 


THREE-POINT LOADING 


FIG. 13. 


Care should be taken to ensure that the load is 
applied axially. 

In this country, crushing tests on stones or 
concrete are made on cubes of 6 in. or 7 in. side, 
there is, however, a tendency recently to adopt 
the cylindrical test piece such as is recommended 
in America. The sizes used in that country are, 


8 in. diameter and 16 in. long for concrete. 
6 in. diameter and 12 in. long for stone. 
2 in. diameter and 4 in. long for mortar. 


The strength of concrete is dependent on the 
ratio of the height to diameter of the test piece 
up to a value of about two. The strength 
decreases until this ratio is reached, after which 
the effect “of any further change of the ratio is 
small. 

If determinations are to be made of the 
modulus of elasticity of concrete, cylindrical 
test pieces are essential. 


BENDING OR TRANSVERSE TESTS 


Bending tests are only carried out to any 
large extent on cast iron and timber. For cast 
iron it is the principal test employed for specifi- 
cation purposes. The present British Standard 


is a rectangular bar rin. wide, 2 in. deep, and — 


40 in. long, tested on a span of 36in. with a 


central load as shown in Fig. 13. The strength 


is measured by the central load at fracture ; 
the deflection at the centre at fracture is also 
usually specified. 


According to the beam theory the skin stress — 


My 
in a beam (f) = T 
where M = Bending moment. 
I = Moment of inertia. 
y = Distance of the outer fibres from the 


neutral axis. 
If W = Central load 


and / = Span ‘ 
Wi 
M=- 
4 
Wly 
and J= ie 


This formula only holds up to the limit of 
proportionality, consequently the stress calcu- 
lated from the breaking load (W) is not the true 
stress and is called the modulus of rupture. The 
modulus of rupture varies for the same material 
with the dimensions of the test piece and the 
span ; it is, however, constant for similar test 
pieces and spans on homogeneous material. 

The British standard for cast iron is different 
from that adopted in America and on the 
Continent. Both these countries have cylindri- 
cal test pieces, and it is quite possible that this 
country will shortly fall into line. 


It should be remembered, however, that the 


structure of cast iron depends upon the dimen- 
sions of the test bar. A large bar has, as a 
rule, a coarser structure and lower strength than 
a small bar. Two similar bars from the same 
cast—one, say, I}in. diameter and 15 in. long 
tested on a span of 12 in., and the other 24 in. 
diameter, 30 in. long tested on a span of 24 in.— 
will not give the same modulus of rupture 
although, theoretically, they should do so if 
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Fic. 14. TESTING MACHINE FOR Cast [RON 
the material was exactly the same in each 
bar. 

Bending tests can be carried out in ordinary 
universal testing machines. The testing machine 
shown in Fig. 2 (Lesson II) has its bending 
shackles in position. In foundries and test 
houses where a considerable number of cast- 
iron beams have to be broken every day, special 
machines are installed for the purpose. Such a 
machine, made by W. & T. Avery, Ltd., is shown 
in Fig. 14. The beam is supported at A and 
B, and the central load is applied at C by a 
rod attached to one knife edge of the weigh 
beam. Along the latter the counterpoise P is 


a 


Fic. 15. Four-Potnr LOADING 

moved by a small handle and gearing S to 
apply the load. The beam is kept floating by 
the handwheel H, to which a scale is attached 
for measuring the deflection. A special arrange- 
ment L is attached to this particular machine 
for carrying out tensile tests on cast iron. 

Tests on timber are carried out in America 
by means of central loading, and an endeavour 
is being made to introduce the same method in 
this country. The method of carrying out bend- 
ing tests on timber at present standardized by 
the B.E.S.A. is by four-point loading, as shown 
in Fig. 15. This method gives a length a b 
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under uniform bending moment and, 
consequently, all this length is under 
the same stress and the shear stress on 
this length is nil. This method has.a 
distinct advantage for modulus of 
elasticity determinations, as the part 
a b bends into the arc of a circle 
and the calculations are theoretically 
correct. 


BEND TESTS 


In many processes of manufacture 
some materials have to be bent cold. 
In order to test whether such materials 
are suitable for the purpose for which 
they are required, certain bend tests 
are specified. These are carried out 
by bending the test piece round a de- 
finite radius (usually depending upon the 
thickness of the material) through an 
angle of 180° or until previous fracture. 

These tests can be made in the workshop by 
steady pressure in a press or by hammering. 
Universal testing machines can be supplied with 
tools for the purpose, or special machines for 


MACHINE FOR BEND TESTS 


Fic. 16. 
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the work are obtainable from the leading testing 
machine manufacturers. Such a machine, 
supplied by W. & T. Avery Ltd., is shown 
in Fig. 16. The test piece B rests on two 
pins which are supported by heavy castings 
bolted to a table T. The distance apart of the 
pins can be adjusted so that the space between 
them is slightly more than the width of the 
bending tool R plus twice the thickness of the 
test piece. The bending tool is attached to the 
adjustable head H by means of which it is 
brought down into contact with the test piece. 
The table T is attached to the top of a hydraulic 
ram in a cylinder C. Upon the application of 
hydraulic pressure from the electrically-opera- 
ted pump P, the table T moves upwards, bend- 
ing the test piece round the bending tool, which 
is arranged to be of the correct radius for the 
test piece. Bent test pieces are shown at M, 
and spare pins and bending tools at S and W. 
For axles and steel forgings the test piece is 
a I}-in. square bar, gin. long, with a radius of 
the bending tool of 14in. for 40 to 45 tons per 
sq. in. material, and ł in. for 25 to 32 tons per 
sq.in. material. The edges of the test piece 
should have a radius of ṣẹ in. Round bars are 
usually tested without previous machining. 


Torsion TESTS 


Torsion tests are seldom “called for” in 


Fic. 17. TORSION TEST 


specifications, except as a means of estimating 
the ductility of wire. 
Many universal testing machines are fitted 
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with torsion testing shackles, as indicated dia- 
grammatically in Fig. 17. The test piece T is 
connected at one end to the lever L of the 
testing machine and at the other end to a worm 
wheel A. The torque is applied to the test 
piece by moving the jockey weight W along the 
beam. The beam is kept horizontal by rotating 
the worm wheel by a handle and worm H. 


If T; = the torque or twisting moment 
at the yield. 
T, = the maximum torque. 
and d =the diameter of the test piece. 


Then the calculated stress at the yield 
Ek 
— «aa 


and the calculated stress at rupture 


Both these stresses are arbitrary figures, as 
the distribution of shear stress across the section 
alters after the limit of proportionality is passed, 
and the usual formulae for stress calculation do 
not hold. 


CUPPING OR BULGING TESTS 


It is sometimes necessary for sheet metal to 
be drawn. The elongation of sheet metal test 
pieces is often inaccurate or misleading, conse- 
quently another indication of the ductility of 
this material is necessary. For material below 
0-06 in. in thickness, cupping or bulging tests 
give this indication. 

The test consists in pressing a round-nosed 
tool against the material, and forming a “ cup.” 
The depth of this cup, when fracture occurs, 
gives an indication of the drawing quality of the 
material. The Erichsen machine, for which 
Geo. H. Alexander, Birmingham, is the British 
agent, is a self-contained machine for carrying 
out the test. Other testing machine makers 
supply special bulging tools for use with the 
universal testing machine. 
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PIONEERS OF ENGINEERING 


By J. F. Corrican, M.Sc., ATC. 


LESSON VIII 
ENGINEERING’S MASTER MIND 
JAMES WATT (1736-1819) 


Ir would require very much more than a com- 
plete volume of this EDUCATOR to do justice 
to the life-work of James Watt. The entire 
life of this great man was spent in the task of 
devising practical types of steam-engines fit for 
everyday use. And with what success the 
inventor achieved his object, the reader will 
no doubt be able to judge. 

Born in 1736 at Greenock, Watt, after receiv- 
ing a liberal education, set up for himself as an 
instrument maker. He had been interested in 
the problem of steam motive power practically 
all his life, but it was the task of repairing a 
model of Newcomen’s atmospheric engine which 
was entrusted to him which gave to Watt’s 


mind the necessary impetus to carry out original 


experiments of his own. 

Watt was quick to perceive the inherent 
defects of Newcomen’s engine. He saw that 
much of the steam was wasted in being made to 


JAMES WATT 


condense in the cylinder. 
experiment, he produced his 


€ 


‘ single-acting ” 


engine, in which the condensation of the steam 


And, after a little 


was effected in a separate chamber, communi- 
cating by means of a pipe to the main cylinder. 
In this way, the cylinder of the engine was 
always in a heated condition, and thus much 
wastage of steam was prevented. 


Wartt’s EARLY HOME 


Watt subsequently brought out his “ double- 
acting ’’ engine, in which the steam was made to 
exert its action on both sides of the piston 


Tue CYLINDER OF WATT’S STEAM-ENGINE 


alternatively. In this manner, the | steam- 
engine became almost automatic in action, and 
the inevitable wastage due to the necessary 
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condensing processes of the earlier engines was 
obviated. 

Watt also solved the problem of imparting 
rotary motion to his engines. The solution 


WATT’S WORKSHOP AT BIRMINGHAM 


of this former diffculty in itself placed the 
steam-engine on a very greatly advanced basis, 
and converted it into a really practical device. 


WATT’S DOUBLE-ACTING ENGINE 


(Showing Watt’s Parallel Motion, devised to give the end D of 
the piston-rod a rectilinear motion) 


(From an Old Print) 


In partnership with Matthew Boulton, an 
astute business man, Watt began the commercial 
manufacture of his engines. Almost immedi- 
ately they were a success, this doubtless being 
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due to the fact that Watt and his co-workers 
lived and worked during the period of the 
“ Industrial Revolution,” at which time England 
was beginning to wake up from its rural and 
agricultural pursuits, and to take upon itself 


irae os : Dl à : 
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AN EARLY ENGINE OF WATT’S AT WORK 


the character of an industrial and manufac- 
turing nation. 

Throughout his life, Watt experienced great 
difficulty in getting his workmen to make the 
parts of his engines accurately. It was quite 
an ordinary thing in those days, for workmen 
to erect an engine, and then to set it in motion 
in order to allow “ the cogs to grind themselves: 
together.” Despite all these practical diffi- 
culties, Watt triumphed in the long run, and 
before he died he had the satisfaction of seeing 
his engines at work in practically every indus- 
trial town of importance in the kingdom. 

Watt was an indefatigable worker. In his 
house near Birmingham he furnished himself 
with an experimental workroom, and after the 
labours of the day he would retire to his room 
and spend hour after hour in original experi- 
ments. Watt died in 1819, and long after his 
death, his workroom was preserved in the exact 
condition in which he left it. 

As a physicist, electrician, and chemist, Watt 
made several important discoveries, but as they 
are not within our present scope we must leave 
the reader to go into these at his leisure, and as 
his interest dictates. 
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| 
By E. W. Workman, B.Sc., A.M.1.E.E., ETC. 


LESSON IV 
FACTORY ARRANGEMENT 
AND LOCATION 


actory Location. The situation of a factory 
ay make a great difference to the final cost of 


1 article, and in any case will have a great ` 


fect on the solving of many of the problems 
manufacture. The main points to be con- 
dered in connection with the choice of the 
cality of a factory are as follows— 
I. Distance from the supply of raw material 
parts. 
2. Distance to where the finished articles are 
id. 
3. The supply of sufficient skilled and un- 
illed labour. 
4. The availability of cheap power. 
Supply of Raw Material. Where the raw 
aterial is very bulky and the finished product 
cupies less room, it is obviously economical 
transport costs if the factory can be located 
ar where the raw material comes from. 
Distance of Selling Market. 
md, if it is the finished article which takes up 
e room, or which is difficult to handle and 
stly to transport, it will be more economical 
r the factory to be situated near the selling 
arket rather than near the source of raw 
aterial supply. In particular, the liability of 
e finished articles to deterioration and damage 
transport must be taken into consideration. 
Supply of Labour. The supply of an adequate 
10unt of the right type of labour is an absolute 
cessity, and even more important than the 
arness of the factory to the supply and sales 
arkets. Where the manufactures are very 
ecialized it may be necessary to locate the 
story near some particular town which special- 
s in the manufacture of the particular com- 
odity, in order to obtain a sufficient supply of 
illed labour. The suitability and availability 
female labour will be often of importance in 
dition. 
Provision of Power. The question of whether 
= provision of power will affect the location 
the factory will-depend on whether it is 
ended for the factory to generate its own 


On the other- 


supply of power or not. The provision of its 
own power will mean nearness to water power, 
or the availability of coal or oil fuel supplies at 
cheap rates. If dependent on an outside supply 
of electricity, the cost of power will vary greatly 
with the choice of district. 

Town Situation—Advantages. The town 
usually offers the best facilities for transport, as 
railways naturally converge there. For many 
manufactures the additional provision of canal 
facilities may mean a large total saving in 
transport costs. The provision of labour is 
certain to be more easily solved in the town 
than in the country, especially as regards skilled 
operatives. 

Town Situation—Disadvantages. As against 
the above advantages there are, however, a 
number of serious disadvantages. To begin 
with, the price of land is much higher in the town 
than in the country, and limitations of space 
will make future development much more diffi- 
cult and expensive. Taxation and municipal 
restrictions may form an increasing expense, 
and the latter may put considerable difficulties 
in the way of manufacture. The higher cost of 
living may necessitate the paying of higher 
wages than would be necessary in the country. 

Country Situation—Advantages. Land is 
cheaper in the country than in the town, and 
there is a larger choice from which to select a 
suitable site. One great advantage is that if 
the business expands the extension and enlarg- 
ing of the buildings is very much cheaper and 
simpler. Both rates and restrictions are fewer, 
and owing to the greater space available the 
general planning of the factory can be carried 
out on more generous and convenient lines. 

Country Situation—Disadvantages. The prin- 
cipal drawback to a country situation for a 
factory is the inadequate supply of labour. 
Workpeople who are used to living in towns 
will not emigrate to the country and lose their 
town amusements, and in any case there is the 
housing problem, which is not a small matter 
if the factory is a large one. Several firms who 
have had sufficient capital have, however, moved 
into the country and solved the housing problem 
by building their own model villages. 

Suburban Situation. A compromise between 
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a town or country situation may be found by 
building the factory in the suburbs of a city 
where there are good train and local transport 
facilities. Cheaper land and more extensive 
sites are available, and yet the labour problem 
is not made difficult. The weak point in the 
situation is, however, that if a city is pros- 
perous, in a very short time the suburbs move 
outwards and the original advantages of a 
suburb situation are lost. 

Arrangement of Plant. The proper arrange- 
ment of the manufacturing plant will make an 
enormous difference to the ease of manufacture 
and the cheapness of the resulting product. It 
is important that the building shall be so 
arranged that the products are manufactured 
in the most economical way, and that material 
is handled as little as possible in its passage 
through the works. One of the best known 
examples of a thought-out arrangement of 
every detail of manufacturing plant is the super- 
efficient planning of the Ford Motor Works. 
Here there is no unnecessary movement of 
material at all, every part being manufactured 
in a shop situated so that when completed it 
will be at the point where it will be required 
without further transport. Even the foundries 
have their location settled in conjunction with 
the situation of the machining shops which will 
deal with the castings when cold. Where the 
product is more varied the difficulty of settling 
the organization of plant is more complex. 

Grouping of Tools. Machine tools may be 
grouped either according to the type of article 
made or according to the type of tool itself, 
similar tools being situated together. The 
advantages of this latter method are as follows— 

1. Fewer machines are required, as it is easier 
to keep all the machines occupied as pools of 
work can be arranged. 

2. Fewer small tools are required for the same 
reason. 

3. The cost of supervision is less, as one fore- 
man can look after more workmen occupied on 
the same type of tool than if they are doing 
mixed work. 

4. The work of both foremen and inspectors 
is simplified as much more specialization is 
introduced, 

Departmental Arrangement. In allotting the 
amount of space for each department a variety 
of considerations arise. From a knowledge of 
the output required an estimate can be formed 
of the number of each type of tool required. 
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In this estimation adequate allowance must be 
made for the time when machines are not 
working. In addition to the actual machine 
room, space must be allowed for movement 
round the machines, for the storage of material 
awaiting machining, for transport, and for clerical 
requirements. 

Relation of Departments. The general rule 
is that material must be moved as little as 
possible. With this object, manufacture should 
commence as near as possible to the point where 
the raw material is delivered. Heavy work will 
be dealt with on the ground floor, and depart- 
ments will be arranged as far as possible tc 
deliver parts easily to the assembly department, 
which, in its turn, should be near to the 
shipping department. Stores and tool rooms 
must be central in order to be quickly available 
to all who require material or tools, specia 
material or tools being kept near the depart- 
ments to which they apply. Any stores con- 
taining especially inflammable goods must, oi 
course, be kept separate to lessen the danger 
of fire. 

Lighting, etc. Close attention must be given 
to the questions of lighting, heating, ventilation, 
and colour of walls, as, in addition to the neces- 
sity of fulfilling legal requirements, these matters 
all have a considerable effect on the rate of 
production. 

Yard Space. A good amount of spare yard 
space is needed, both to allow of future exten- 
sions and to allow of outside storage. Space for 
railway tracks and for social purposes must 
also be given consideration. 

Office Accommodation. The amount of room 
allowed for the different office requirements 
must be arranged in the same way as for the 
rest of the factory buildings. Each different 
office should be located according to the nature 
and sequence of its work. Good lighting and 
plenty of room are essentials to good office 
work. If the offices are well arranged so that 
a good sequence of work is obtained, a large 
amount of time and money may be saved by 
the corresponding reduction of wasted inter- 
office communication. The nearness or other- 
wise of similar departments will also considerably 
affect the co-operation and consequent efficiency 
of these departments. In connection with this 
it may be mentioned here that the installation 
of an efficient internal works mailing system 
has a very large effect on the economy of time 
in both shops and offices. 
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FIG. 20, PARSONS’ ORIGINAL STEAM TURBINE, 1884 
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NOTABLE EVENTS IN ENGINEERING HISTORY 


By E. A. FORWARD, A.R.C.S., M.1.Mecu.E. 


LESSON V 
POWER PRODUCTION 


Tue success of Watt’s engine stimulated other 


inventors, amongst whom was Jonathan 
Hornblower, who, in 1781, patented the com- 
pound engine, but with the low steam pressure 
then in use it was not a success. 
engine, however, was still a vacuum apparatus, 
Watt having a great aversion to pressures more 
than I or 2lb. above atmosphere, but, about 
1800, Richard Trevithick produced a practical 
high-pressure engine, using a pressure of several 
atmospheres and dispensing with a vacuum, so 
forming a simple and cheap motor that could 
be used for any purpose (Fig. 19). About 1800 
also, commenced the introduction of self-con- 
tained engines which were more compact than 
the beam type. The direct-acting engine was 
used in the horizontal form by Symington in 
1801, but was not commonly used until some 
25 years afterwards. In 1804, Arthur Woolf 
revived the compound engine and expanded the 
steam from six to nine times, but the system 
did not come into general use until much later, 
when with increased pressures and tempera- 
tures, its advantages became apparent. Since 
then the principle has been extended to engines 
in which the steam is expanded successively in 
several cylinders. Improved valve gears, such 
as the Howe link motion of 1842 and the Corliss 
trip gear of 1849, permitted the economic regu- 
lation of engines by varying the expansion with 
the load. 

About 1880, a demand arose for engines for 
driving dynamos, and this led to the develop- 
ment of a new type of vertical high-speed engine, 
with which the names of Willans, Chandler, and 
Bellis are connected. The economy resulting 
from the use of superheated steam was known 
early in the nineteenth century, but its exten- 
sive use is of comparatively recent growth. 
Progress in the reciprocating steam-engine has 
consisted in the invention of features of mechan- 
ical detail, improved methods of manufacture, 
and the application of the thermodynamic 
principles enunciated by Carnot, Joule, Regnault, 
Rankine, and Kelvin. 

Rotary Engines. The advantages of obtain- 

26—(5462) 


The steam- _| 


ing rotary motion directly from steam were 
early recognized, and attempts were made to 
produce pressure engines of this kind, but no 
real advance was made until the practical 


the Director of the Sctence Museum 
Fic. 19. TREVITHICK’s HIGH-PRESSURE ENGINE, 
1805 


development of the steam turbine, in which the 
steam acts, not by pressure, but by change of 
momentum. The early form, consisting of a 
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jet of steam acting on the vanes of a wheel, is 
very inefficient, but, by using a divergent 
nozzle, Dr. de Laval, in 1889, eliminated this 
loss, and designed a practical impulse turbine, 
whose speed, however, was very high. To 
avoid this excessive speed, the Hon. Sir C. A. 
Parsons, in 1884, invented his multiple reaction 
turbine, in which the pressure energy of the 
steam is converted into kinetic energy in steps 


By permission of 


(Fig. 20, Frontispiece). The condensing type of 
1891 demonstrated that the steam turbine could 
equal in efficiency or even surpass the reciproca- 
ting engine. These two types were followed by 
the multiple impulse turbine of Rateau in 1896, 
and the Curtis turbine, which is an impulse tur- 
bine with the peripheral speed reduced by the 
use of double or triple wheels. Combinations of 
the impulse and reaction types are now much 
favoured, the former dealing with the high- 
pressure steam and the latter the lower pressure. 
More recently, the Ljungström turbine of 1906 
has solved the practical difficulties of making a 
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turbine with two sets of blades running in 
opposite directions, thus halving the shaft 
speed, reducing the size of the turbine, and ren- 
dering a small machine as efficient as a larger one. 
The size of turbines, and the steam pressure used, 
have increased rapidly during the last 20 years, 
while the steam consumption has been reduced 
to about 8 Ib. per h.p.h. 

Two of the most notable events of the early 
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. THE “ ROCKET ” LOCOMOTIVE, 182 
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nineteenth century were the application of the 
steam-engine to land and water transport. 
Even in Watt’s time, suggestions were made 
to employ it to drive carriages, and tentative 
experiments were made by Cugnot and Murdock, 
but it was not until Trevithick invented the 
high-pressure engine that the idea became prac- 
ticable. Trevithick built the first railway loco- 
motive in 1804 and thus inaugurated the era of 
mechanical land transport, but mainly owing to 
the weakness of the track then in use, eight years 
elapsed before the locomotive was successfully 
applied by Blenkinsop and Murray at Leeds. 
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Between 1814 and 1822, George Stephenson did 
more than any other man to develop and extend 
the use of the locomotive, and his son Robert 
ably succeeded him, while the success of the 
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experiments and built a suitable engine for the 
purpose. Between 1803-7, Robert Fulton, 
using a Boulton and Watt engine, was the first 
to organize a successful steamboat service, 


J 
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Fic. 22. ENGINE OF THE “ComET” STEAMBOAT, 1812 


“Rocket ” at the Rainhill trials of 1829 estab- 
lished its position (Fig. 21). By 1840 it had 
reached the form since generally followed, 
although increased in size and power to cope with 
the continually increasing loads. 

The steam-engine was first successfully applied 
to boats by Patrick Miller and Wm. Symington 
in 1788, while in 1801-4 the latter made further 


while Bell’s “‘ Comet,” of 1812, was the first 
passenger vessel to ply in Europe (Fig. 22). 
Development from that time was rapid, the 
low-pressure condensing engine being adopted 
in various forms suitable for driving paddle 
wheels. The use of the screw propeller, about 
1837, led to new designs of engine with higher 
(Continued on page 398) 


396 


ENGINEERING EDUCATOR 


MACHINE CONSTRUCTION AND DRAWING | 


By G, Woop, A.M.I.Mecu.E, 


LESSON VIII 


Intersection. We have, in a previous lesson, 
referred to the fact that the form taken by most 
machine parts is such that we may imagine 
them to be built with a number of solids of 
more or less regular outline. Further, we 


suggested that the student would find it con- 
venient to visualize the part in terms of such 
imaginary building, and so produce the finished 
and more complex drawing from a number of 
superimposed views of simpler form. We may 
now proceed to consider the case of making 
drawings of machine parts in which the compo- 
nent solids, by intersecting each other, produce 
lines of irregular form. 

Cylinders. An example is given in Fig. I, 
where a cylinder of diameter d intersects a 
cylinder of larger diameter D, the axes lying 
at right angles but not intersecting. Marking 
the points I, 2, 3, etc., on the surface of the 
smaller cylinder and taking vertical and hori- 
zontal planes through these points, then the 
lines I, 2, 3, etc., in the plan and side-elevation 
will represent the corresponding planes. To 
produce the line of intersection in the side- 
elevation we project, from the plan view, the 
points of intersection of plane and circle to the 
corresponding plane line in the side-elevation, 
as given by the vertical lines 11, 22, etc. 

Appearance. Whilst irregular lines of intersec- 
tion are common in machine drawing we ought, 
in the interests of economy, to discriminate 


between lines for appearance and lines for 
precision. We may say that the majority of 
such lines are required for appearance only. 
Consequently, in producing such lines, it; is 


Fic. 2 


only necessary to obtain a sufficient number of 
points on the line to enable the draughtsman 
to draw the line in freehand or with the aid of a 
French curve. We have an example of inter- 
section, where appearance only is required, in 
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the valve body shown in Fig. 2. In this cast- 
ing the top branch is a cylinder and intersects 
the upper part of the body which is the frustum 
of a cone. The axes are perpendicular and 
intersect. 


MACHINE CONSTRUCTION AND DRAWING 


To produce, in the side-elevation, the lines 
of intersection of the top branch with the body, 
we proceed to mark in the end-elevation 
points, I, 2, 3, etc., on the surface of the branch, 
as in the previous example. The horizontal 
planes taken through these points, when con- 
tinued through the body of the casting, produce 
circles of varying radii, 7,, 72, 73, etc. We next 
project, from the plan to the side-elevation, the 
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side-elevation. A curve drawn through the 
points will give the line of intersection of plane 
and shank for the left-hand half of the view. 
The line of intersection for the right-hand half 
of the view will be similar to the above line, but 
to opposite hand. 

It will be seen from the side-elevation that 
the outline of the rod, in approaching the 
rectangular end, interferes with the space 
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points of intersection of these plane lines and 
the corresponding circles. We may now pro- 
ceed to draw a regular curve passing through 
these points. 

Intersection of Surfaces. A further example 
is given in Fig. 3, which shows the bottom end 
of a connecting rod. The form consists of a 
prism intersecting a cylinder and shank which 


swells in diameter as it approaches the rectangu- 
lar prism. Further, the planes common to the 
longer sides of the prism cut the shank on the 
two sides. To draw the line of intersection, in 
the side-elevation, of one of the planes and the 
shank we take a number of planes, I, 2, etc., 
between the points where the rod is first cut by 
the plane in the end-elevation, and where it 
enters the prism in the side-elevation. We 
next draw arcs, in the plan view, representing 
these planes of radius 7,, 7, etc., and project 
the points of intersection of circle and prism 
in the plan to the corresponding plane in the 
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required for the bolt nut. To avoid this inter- 
ference, the rod is recessed as shown. To draw 
the line of intersection, of this recess with the 
rod, in the end-elevation, we first draw an arc, 
representing the recess, in the plan view. The 
points of intersection of this arc and the arcs 
representing the planes taken through the 
rod will give the corresponding points on the 
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horizontal plane lines. To find the corresponding 
positions, of the same points, in the end-eleva- 
tion we take the distances a, b, etc., from the 
plan and draw the corresponding vertical plane 
lines in the end-elevation. The intersection of 
vertical and horizontal planes of corresponding 
notation will provide points on the line of 
intersection. 

Ellipse. Fig. 4 shows a cylindrical branch 
entering the flat side of a cast-iron condenser 
body, and the line of intersection of this branch, 
in the side-elevation, consists of an ellipse. 
Where, as in the majority of cases, the outline 
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is required for appearance only, we may resort 
to an approximate but speedy method of con- 
struction. Referring to Fig. 5, the construction 
is as follows. The major and minor axes of 
the ellipse are given by the perpendicular lines 
ab and cd respectively. First draw a line con- 
necting the points b and c, then, with o as 
centre and oa as radius, describe an arc cutting 
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the minor axis at e. Next, with c as centre and 
ce as radius, describe an arc cutting the line 
bc at f. Proceeding, bisect the line bf and pro- 
duce the perpendicular line of gh. This line 
intersects the major and minor axes at g and 
h. Next, with g as centre and gb as radius, 
describe the arc bj and, with % as centre and 
he as radius, describe the arc cj. With the same 
two radii describe arcs passing through the 
points a and d respectively, and so complete 
the ellipse. 
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Precision. Of the cases where precision is 
required in determining the lines of intersec- 
tion, a common one arises where it is necessary 
to check for interference. Such a case is given 
in the casting shown in Fig. 6, where two smaller 
cylinders intersect a larger cylinder perpendicu- 
lar to the axis of the same. Also, it will be 
observed, the smallest cylinder lies at right angles 
to the intermediate cylinder, but does not lie in 
the same plane. Suppose, for practical reasons, 
it is inadvisable to allow the two smaller cylin- 
ders to intersect, then to check the design for 
non-interference, it will be necessary to draw the 
adjoining lines of intersection with some degree 
of accuracy. 

We may first produce the line of intersection, 
in the side-elevation, of the intermediate cylin- — 
der, and follow with a circle representing the 
smallest cylinder. The distance between the 
two lines will give the amount of metal left 
between the two openings in the main branch. 


EXERCISE 


1. Make a drawing of the valve body shown in 
Fig. 2, giving a half-sectional end-elevation and out- 
side side-elevation and plan. 

2. Draw three outside views of the link shown in 
Fig. 7, giving the approximate lines of intersection of 
surfaces. 


NOTABLE EVENTS IN ENGINEERING HISTORY 
(Continued from page 395) 


shaft speeds, the inverted cylinder vertical type 
being adopted about 1860. The surface con- 
denser and higher steam pressures followed, as 
well as compound expansion in three or four 
stages. The steam turbine was applied to a 
boat by Parsons in 1894, when the “ Tur- 
binia,”’ roo ft. long and 45 tons displacement, 
reached the exceptionally high speed of 34 
knots. A few years later, turbines were applied 


to naval vessels and high-speed passenger 
steamers. 

The difficulty of coupling the high-speed 
turbine to the low-speed propeller in a manner 
which would result in a reasonably high overall 
efficiency was overcome in 1909 by the introduc- 
tion of mechanical reduction gearing. Hydraulic 
and electrical transmission gears have also been 
used. 
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By W. G. Bicxiey, M.Sc. 
Lecturer in Mathematics, Battersea Polytechnic 


LESSON IX 
GRAPHS 


THE representation of statistics by means of 
graphs or charts has become so common, on 
account of its convenience, and in particular on 
account of the ease with which it conveys 
information, that every one is to a greater or 
less extent familiar with it. We have all seen 
and understood the charts in the weather 
reports showing the rise and fall of barometer 
or thermometer ; a well-known series of diaries 
contains a graph or chart showing how: sales 
have increased over a period of years—and one 
is expected to conclude that only excellence can 
cause such a great increase ; a firm of motor- 
cycle manufacturers include in their advertise- 
ment a graph showing the results of bench tests 
of one of their engines, how the horse-power 
developed varies with the revolutions per 
minute. In each of these cases it would have 
been possible to have printed a table containing 
the same information, but such a table would 
have been less likely to catch the eye, and would 
have required more attentive study in order 
that its message should be taken in. One can 
see at a glance from the graph whether the 
barometer rose or fell, and whether rapidly or 
slowly, without the mental effort necessary to 
obtain the same information from a printed 
table of numbers; the same is true of the 
increase of diary sales. The graph of the 
motor-cycle engine performance creates interest, 
while only a previous interest would make a 
reader study. a table containing the numerical 
results. The numbers are in the graphs, how- 
ever. We can find from the graph, the baro- 
metric height at 10 a.m. last Thursday, or the 
diary sales in 1922, or the horse-power at 
1,500 r.p.m. The graph, then, scores over the 
table by reason of the greater ease and speed 
with which the information in it can be assimi- 
lated. But it has another great advantage, 
specially noticeable in the third of the above 
examples. It is improbable that the engine 
was run at exactly 1,500 r.p.m. under test ; 
speed and horse-power would be taken for a 
number of throttle settings, and from these the 


graph would be drawn ; the graph now contains 
what the table would not, values intermediate 
between those actually obtained in the tests. 
This fact that intermediate values can be read 
from the graph is one of its most important 
properties, and one which makes it of great 
use in practical applications. In fairness, how- 
ever, we must point out that all these, and other, 
advantages are not secured for nothing. In the 
second example, the diary sales for 1922 can 
only be read from the graph to about the nearest 
thousand—we have lost accuracy in obtaining 
convenience and speed. Not that this is a great 
disadvantage, however. A larger graph would 
be more accurate, and we can usually obtain 
all the accuracy we really need by using a 
sufficiently large diagram—certainly in engineer- 
ing applications. 

Drawing a Graph. We will next show howa 
table of numbers showing the relation between 
two related quantities is converted into a graph. 
We take from steam tables the following values 
of the specific volume, v (in cub. ft./lb.) at 
various pressures, p (in lb./sq. in. abs.)-- 

p 40 50 60 80 100 120 150 200 

v 10°49 8-51 7:17 5°47 4°44 3°73 3°02 2°30 
and will now construct a graph for them. 

Take a piece of squared paper, about 8 in. 
by 6in. Our first thing to consider is the choice 
of scales. These should be as large as possible. 
but should also be easy to read, i.e. fractions of 
squares should be easily convertible into scale 
values, and important values, such as tens, 
hundreds, etc., should fall upon printed lines, 
and as far as possible on the thickened ones. 
If our paper is graduated in inches and tenths 


(millimetere paper is perhaps more accurate, 


but is certainly more trying to the eyes), and 
we have the p axis horizontal, we have 6 in. 
for a range of p from o to 200. Using this would 
give 334 per inch, which would be very incon- 
venient. Good scales are then those having 
40, or 50 per inch, The former would mean 
4 per tenth (small square), the latter 5. The 
former is the more accurate, but it would mean 
that the odd tens (10, 30, etc.) would fall at 
half squares, and this is not desirable if it can 
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easily be avoided. So we choose the latter. 
Our p axis, towards the bottom of the page, 
can now be drawn and graduated. It is not 
necessary or desirable to put in too many num- 
bers. In this case every 50 (every I0 small 
squares) will do. For the v scale, we have 
8in. for just over 10. The largest convenient 


Pressure (p) and 
Volume (v) for 
v 0 Saturated Steam. 
Cutty 


Habe 


700 50 p 


(108/59. 


200 
in. abs). 
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scale is that using 5 in. to present 10, ie. I in. 
for 2, or one square for 0-2, of v. We now draw 
the vertical v axis up from the zero of the p 
axis, and put in the numbers o, 2, 4, etc., every 
inch. In addition to the numbers along the 
axes, we must indicate what they represent, by 
the p and v placed alongside the axes towards 
their ends. It is also desirable to state the 
units (lb./sq. in. abs. and cub. ft./Ib.) also, as 
is done in the figure (Fig. 10). We can now 
plot the values in the table, and get a number 
of points on the graph. For the first, we see 
from the table that when = 40, v = 10°49. 
The point which represents this pair of values 
lies vertically above 40 on the p axis, and 
opposite 10:49 on the v axis. The 40 lies on 
one of the printed lines, but the 10-49 does not. 
10-4 is 2 squares above I0, 10-5 is 24 squares. 
Our point lies just below (one-tenth of half a 
square) 24 squares above the horizontal through 
10 on the v scale. Place a small dot there. (In 
the figure we have surrounded it by a small 
circle, which is a convenient device to draw 
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attention to it. 
attention to particular points, such circles are 
unnecessary.) 
8-51, the next point, and so on. When all the 
points are plotted, we draw a smooth curve (not 
a series of straight lines, if there is any meaning 
to intermediate values) through them. That 
completes the drawing. To be of any use, how- 
ever, a graph should be a complete whole, its 
purpose, and the quantities represented, being 
quite clearly stated on the graph (see Fig. ro). 

Reading Values. From the graph as con- 
structed it is now possible to obtain values not 
given in the table. 
value of v when p = 70, follow the vertical from 
70 on the # axis until it cuts the curve. From 
this point go horizontally to the v axis. 
is shown by the dotted lines in the figure.) We 
now read the answer, 6:2 cub. ft./Ib. Itis not, 
however, absolutely necessary to draw the 
dotted guide lines. The printed lines enable 
one to do without this, and, moreover, the 
horizontal lines carry the v scale across, so that 
the value can quite as easily be read from the 
nearest vertical. In this way, we see that when 
p= 180, v = 2:55 (approx.), and when v = 
4:5. p = 98 (approx.). 

Another Example. In the above, we have 
used the complete axes, starting each at zero. 
In many cases this is not desirable. We only 
need the range of values for which data exist, 
and which are useful. The next table gives the 
coefficient of viscosity of water (u) for various 
temperatures— 


Temp. (F.) u (C.G.S. Units) 
32. 0-0000372 
50° 0:0000274 
68° 0-00002TI 
86° 0-0000169 
104° 00000138 
1225 O-OOOOIIT5 


Here the range of temperature is from 30 to 
130 (going from the ten below the least value to 
the ten above the greatest), a range of 100°. 
Using the same size piece of paper as before a 


sO a 


Unless it is desired to so draw 


Then, above 50, and opposite - 


For instance, to find the — 


(This — 


suitable scale is rin. to 20°, starting at 30°. _ 


For u we must go from 0-:00001 to 0-00004, a 
range of 0-00003. A suitable scale is 2 in. to 
o-o0001. In numbering this scale, it is cum- 
bersome to write all the zeroes. We multiply 
by 10° (i.e. use standard form) and make this 
clear by writing u X 10° alongside the scale 
(see Fig. 11). The graph is now plotted and 
drawn in Fig. rr. (All the lines of the squared 
paper have not been printed.) 


thie it 
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Graphs of Formulae. The above examples 
have used statistics derived primarily from 
experiments. The curves show the relation 
between a pair of quantities—variables as they 
would be termed on account of their taking 
different values. In many investigations we 
obtain formulae to express these relations, and 
it is often desirable to exhibit such graphically, 
forthe same reasons, that certain things are 
more easily;seen on a graph, and that it is easy 
to obtain intermediate values (or interpolate, 
as it is called). As a first example we take the 
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formula for the theoretical efficiency of a Pelton 
wheel under ideal conditions, 


4u(v — u) 
a gh 


where u is the velocity of the vanes, and v that 
of the jet. Taking v = 200 ft./sec., this becomes 


u(200 — u) 
1 = “0,000 


We will draw a graph to show how the effi- 
ciency, n, depends upon the vane speed, w, for 
values between o and 200 ft./sec. To do this 
we must calculate the values of y for a convenient 
set of values of u. It is not advisable to calcu- 
late a large number to start with. A few, four 
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to six, spaced along the range, will show the 

main outline of the graph, and enable us to 

choose our scales and start plotting. Plotting 

these few will then show us where other points 

are desired to get the curve well drawn. In this 

case, we start with 0, 50, I00, 150, and 200, 
obtaining— 

u o 50 

4 Oi 9 WE 

The suitable scales are— 


100 
EO 


150 200 
79 o 


a 5 im. to I. w, Tin. to 50. 


To an experienced person, these would almost 
be enough, but we will calculate some more in 
this first example. Suitable values, one in each 


1-0. 
(ficiency /) 
8 


u 200 
(Vane speed: ft/sec) 


0 100 


FIG. I2 


interval of the above, are 30, 80, 120, and 170. 
(30 involves less arithmetic than 25, and so on). 
We get— 

u 30 80 120 170 

My e LOO 00. “BE 
We now plot these and then draw the curve, as 
in Fig. 12 (reduced, and not all the lines printed). 
We see from this that the efficiency is greatest 
when u= 100—half the jet speed. This is 
true generally, but other losses reduce the 
efficiency below I (100 per cent) at its maximum. 
We also see that u can vary by about 20 ft./sec. 
without the efficiency being diminished by more 
than 1 per cent. These facts are much clearer 
from the graph than they are from a mere 
inspection of the formula. 
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Another Example. When water is being 
supplied to a jet by a long pipe, the kinetic 
energy of the jet depends upon the ratio of 
the jet area to the cross-section of the pipe. 
Decreasing the jet area increases its velocity 
(by reducing the speed in the pipe, and conse- 
quently reducing frictional loss), but decreases 


8 
= vet _area 
pipe area 
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the quantity discharged. The horse-power in a 
certain case is given by— 


h 200 3 
Pa 3ST AT yor 


where 7 is the ratio. To show this graphically, 
we first take values of y (from o to 1, of course) ; 
say, 0, 02, 0-4. Performing the calculations, 
we find— 


0-6 
516 


o8 T'O 
33970 233 


Plotting these, we see that more information is 
required between o and 0-4. Calculating values 
for oI and 0:3 gives 735 and 972 respectively. 
Plotting these also, we draw the graph, as in 
Fig. 13. The best value of v is seen to be about 
0-24, and the greatest horse-power about 1,030. 


2 
h.p. o 


0:2 
1026 


0-4 
809 
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EXERCISE No. 16 


1. The efficiency of three types of turbine at various 
fractions of full-load (all given as percentages) are— 


Per cent load . - TO 20 40° 60 80 iam 
Kaplan turbine - 60 73:7 83:6 86:4 85:2 82 
Propeller turbine . 22:5 37:2 58:2 72:1 82-2 84:5 
Francis turbine - 35 50 70 80 SATE 
Exhibit these three on the same graph. 


2. The bending moment on a beam 12 ft. long, at 


= 2 
x ft. from one end is ane = *9) tons-ft. Plot a graph 
of the bending moment along the beam. 

3. The relation between pressure and volume for a 
gasis pu" = constant. p = 180whenv = I. Showon 
a graph the way in which the pressure decreases as 
v increases from I to 5 (a) when n = 1, (b) when n” 
Sy. 


ANSWERS TO EXERCISES 14 AND 15 


(14) 
. (a) (27-55) (2r + 5s). 
(6—m) (6 + m). 
(2ab — 1) (2ab + 1). 
12(*¥ + 2). 


aor 


SISO QoS 
= 
D 
a 
l 
N 
E 
= 
o 


— 
> 
~ 
p 
R 
I 
T 


(x-1) ( +1). 
(4a + 3b) (16a? — 12ab + 9b°). 
( ( 


5x +8 


2: & = 1:2466, b = 01533. 
3. (a) 1:54. (0) 3:005. (c) 14:21. (d) — 3:36. 
4. C= p'O. 
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LESSON IX 
B.M. AND S.F. DIAGRAMS—(contd.) 


Ir frequently happens in practice that a beam 
is required to carry a number of concentrated 
loads in addition to one which is uniformly 
distributed over the length of the beam. An 
f 4tons 


` Jton 2tons 


3tons. 


| eed 
L=12-0625ton R=12-4375tons 


. Ko 


l 


FIG. 37 


example of this type is given beldw with the 
B.M. and S.F. diagrams drawn. 

EXxAMELE. A beam, which overhangs its 
two supports by 4ft. and 5 ft. respectively, 
carries a load of 4ton per foot run over the 
whole length. The distance between supports 
is 20 ft., and loads of I, 3, 4, and 2 tons are 
carried by the beam in the positions shown in 


Fig. 37. Draw the complete B.M. and S.F. 
diagrams. 

It will be found best here to determine by 
calculation a number of values of B.M. and S.F. 
at selected sections, and use these in plotting the 
diagrams. 

Reactions. Taking moments about the left- 
hand support we have— 


(R x 20) + (1 X 5) + (5 X 4X3) 
= (3 X 4) + (4 X 14) + (2 X 24) + (12 X 12) 
-, R= 12-4375 tons. 
L = total load — 12:4375 = 120625 tons. 


box 


BENDING MOMENTS ON 
VARIOUS SECTIONS 


B.M. on section aa, 2 ft. from 2 ton load 
==)(2°x'2) =F (@ x4 X 1) 
= 5 tons-ft. clockwise. 


over support R = (2 X 4) + (4 xX 4 X 2) 
= 8 + 4 = 12 tons-ft. clockwise. 


B.M. 


B.M. on section bb, 3 ft. from support. R 


N a a S 
= 11:0625 tons-ft. anticlockwise. 
B.M. on section under 4 ton load 
= (2 x 10) + (10 X 4 xX 5)- (R x 6) 
= 29-625 tons-ft. anticlockwise. 


B.M. on section cc, 5 ft. from 4 ton load 


= (2 X 15) + (15 x 4 X 4) 


PED I) 
= 30:5625 tons-ft. anticlockwise. 
B.M. under 3 ton load 


= (2 X 20)+(4 x I0)+(20 X $ X I0) 
- (R x 16) 
= 19 tons-ft. anticlockwise. 


over support L = (1 X 5) + ( X 3) 
= 11:25 tons-ft. clockwise. 


B.M. 
B.M. on section dd, 3 ft. from I ton load 


= (I X 3) +.(3 X 3) 
= 5:25 tons-ft. clockwise. 
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SHEARING FORCES ON VARIOUS SECTIONS 


Proceeding from right to left as we have 
dealt with the B.M., we obtain the following 
values of S.F. at the several sections— 


S.F. immediately to the left of 2 ton load = + 2 tons. 

S.F. immediately to the right of R = 2 tons + (4 x 4) 
= + 4 tons. 

S.F. immediately to the left of R = 2 tons + (4 x 4) 
— R = — 8-4375 tons. 

S.F. immediately to the right of 4 ton load = 2 tons + 
(to X 4) — R = — 5:4375 tons. 


F+6F 


| Loadingh = w per unit E 
7) 
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(10 x 4)—R = —1-4375 tons. 

S.F. immediately to the right of 3 ton load = 4+2 
(20 X 4)—R = + 3:5625 tons. 

S.F. immediately to the left of 3 ton load = 4+2+ 
(20 x 4) + 3—R = + 6-5625 tons. 

S.F. immediately to the right of left support L = 3 + 
4 + 2 + (24 xX $)—-R= + 8-5625 tons. 

S.F. immediately to the left of left support L = 3 + 
4 +2 + (24 x $)-R-L = -3-5 tons. 

S.F. immediately to the right of the 1 ton load = — 
I ton. 


These values of B.M. and S.F. when plotted 
give the B.M. and S.F. diagrams for this load- 
ing of the beam. We would venture to repeat 
our suggestion to the reader that he use the 
paper shield referred to in Lesson VII when 
calculating the B.M. or S.F. on a section. For 
example, when calculating the B.M. on section 
bb, shield over all of the beam and its loads to 
the left of section bb, and it is then easy to see 
that the B.M. is= (2x 7)+(7xixH- 
(RX 3) = = 11-0625 tons-ft. 

The maximum B.M. and the position of the 
section of the beam on which it occurs can be 
read off ; the two points ZZ show the positions 
of the beam sections that are not subject to any 
B.M. Also we note that the maximum B.M. 
occurs on that section A which is free from 
S.F. Further, if we drop a perpendicular from 
Z where the B.M. is zero to cut the S.F. dia- 
gram, then, the + area of the S.F. diagram to, 
say, the right of the section is equal to the — 
area of the S.F. diagram; that is, the area 
mlkh = area hefg. Clearly there is some sort 
of relationship between B.M. and S.F., and this 
we will now investigate. 


S.F. immediately to the left of 4 ton load = 4+2+4 
F 
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RELATIONS BETWEEN Loap, S.F., B.M., 

SLOPE AND DEFLECTION FOR A LOADED BEAM 

Fig. 38 shows a length of beam carrying a 
uniformly distributed load of w per unit length. 
Consider the equilibrium of a short length 6x. 
Due to the loading to the right of bc, a shearing 
force = F acts upon this face. Face ad will 
be subjected to a greater shearing force = F + 
ÒF, due to the additional load w. dx. ôF may 
be looked upon as a symbol to represent a 
small increment of the force F. 

We may now equate forces in a vertical direc- 
tion as follows— 

Upward forces = downward forces 

F + ôF = w. ôx + F 
~ ÒF =w 6x, and integrating we 

get A 
that is, the S.F. on any section = the sum of 
the loads on one side of that section. 

Again, let us equate the moments which 
retain the piece abcd in equilibrium. 

Clockwise moments = Anticlockwise moments 


Fx M4 (r4 orp =m 4 oM 


wdx 


ô 
n. F.òxs+ ôF. = = 6M. 
Now 6x. ôF. is so small as to be negligible, 


I dM ; : 
so we may write F = Zy > and integrating we 


ad Eo 
get M = F. dx, that is, the change of B.M. 


be 
between sections bc and ad, Fig. 38, is equal to 
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the area of the S.F. diagram between these 
sections measured to the appropriate scale. 


RELATION BETWEEN SLOPE AND DEFLECTION 


Let abcd be the centre line of a beam, origin- 
ally straight, which, being subject to a B.M. 
has become bent to the shape shown in Fig. 39, 


„the amount of bending being very much 


exaggerated for the sake of clearness. 
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It is convenient to measure the slope of the 
beam by the inclination to the horizontal of 
‘the tangent at the point considered. Thus the 
slope at b is 0, and at cit is 0 + 66, so that the 
increase in the slope is 60 radians. 
~ Now 6l = R.66; where R is the radius of 
curvature of the beam. 
OY R ` ; (Ge) 
We find, in all practical caseS concerning the 
deflection of loaded beams, that the deflection 
dy is always very small compared to the corre- 
sponding length of beam 6x, therefore ôl is 


nearly coincident with and equal to 6x, so we’ 


may write (I) as :— 


Ox 


00 = p 


where R is termed the curvature of the beam, 


Ae 
me R 6x 
But 0, measured in radians 
= tan 0 (provided 6 is small) 
es 
dx 
E ad wy ey 
TE ke Ge SCN ee 
dy 
T 
that is, ao X s (2) 


We have here to make use of an expression 
which we shall investigate in our next lesson, 


M 
Sahat tps) le (3) 
where J = moment of inertia of the beam 


section about its neutral axis, substituting (3) 
in (2) we get 


1M _ wy 
RESI Pe = BP 
d*y 
or M=EI Te ` 5 (4) 
: : M dy 
Further, by integration, | EI dn = ae 


which is the slope of the beam ; and integrating 
again we get 


M 
If 77 drda = y, which is the deflection. 
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GRAPHICAL REPRESENTATION OF ABOVE 
RELATION 


Suppose Fig. 40 to represent the distribution 
of load on a beam, that is any ordinate such as 
W gives the rate of loading per unit length. 

We can obtain the S.F. diagram, Fig. 41, by 
plotting a series of ordinates, such as P = 
fg = (L-area abcd) ; Fig. 40, to scale. 


We have previously seen that the B.M. on 
any section = | Fdx; .. if we plot asuccession 


of ordinates, such as Q, Fig. 42, = Im = area 


a H Loading Diagram 


. 4I 


DCE 


yt Deflection Diagram Fic. 44 


efgh, Fig. 41, we shall obtain the B.M. diagram 
to scale. 
Also, we have seen that the slope at any 


dx. We shall obtain the slope 


section = 


EDE 
diagram, Fig. 43, by plotting a number of 
kl 
ordinates, such as R = 6, ae 7 i (Fig. 42) 


to the suitable scale, 0, being the slope at the 
left-hand end of the beam. 
Again, since the deflection is the integral of 


d 
the slope, that is i Z = y, we shall obtain the 
deflection diagram, Fig. 44, by plotting a 
number of ordinates, such as Y = area npgr, 
Fig. 43, to scale. We have assumed throughout 
that both E and J are constants. 
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LESSON III 


APPRENTICES FOR 
PROFESSIONAL ENGINEERING 


THE case of the boy who leaves either a public 
or secondary school at 16 years or upwards, to 
embark on what is known usually as a “ School 
Apprenticeship’’ course, is more fortunate. 
This course constitutes a method of training in 
which practical and technical training are com- 
bined. The practical training is conducted in 
the works during the day time, while the 
technical education is obtained by attendance 
at evening technical classes or by part-time day 
classes on much the same lines as those indi- 
cated in the case of the boy from the primary 
school, who enters employment at 14 and wishes 
to rise from the bench. Most works require 
that such school apprentices shall have reached 
matriculation standard of general education, 
and special importance is attached to scientific 
and mathematical training. The practical 
training of school apprentices is, in general, 
obtained in the manufacturing departments, 
the testing departments, and the drawing offices, 
and if ability and inclination are shown, experi- 
ence will also be obtained in commercial, design, 
research work, and works’ administration. With 
this particular class of apprentice, progress 
depends on progress in technical studies as well 
as in the practical work, and evidence of satis- 
factory attendance at technical classes is essen- 
tial to the continuing of the course. 

As in the case of the boy leaving the primary 
school, it is possible through the school appren- 
ticeship course to reach ultimately to the highest 
positions in the profession, but the method is 
not to be recommended because studies carried 
on under these conditions are arduous, and only 
youths of good physique and considerable 
determination can successfully pursue a course 
of this kind. Wherever means permit or 
scholarship facilities are available, therefore, 
it is undoubtedly the wisest plan to secure a 
regular university course. 

The public or secondary school education of 
a boy who wishes to become an engineering 


graduate should not be substantially different 
from that of a boy who intends to proceed to 
any other profession. In view of the fact, 
however, that engineering is applied science, it | 
is essential that a sound foundation of pure 
science shall be made. Hence, the embryo 
engineer should secure a thorough training in — 
the fundamentals of science, but this course 
should not be followed to the exclusion of sub- 
jects or influences which make for the develop- 
ment of character, personality, and sound 
physique. Before completing his secondary 
education a boy should attain at least a higher 
school certificate or its equivalent, and if possible, 
an intermediate science degree standard. Such 
an attainment not only assigns a definite value — 
to a secondary school education, but assures 
that a foundation of mathematics and science 
has been laid, upon which, as soon as the boy 
leaves school, an engineering training can be 
built. 

The specific preparation from this stage com- 
prises periods of scientific and practical train- 
ing. The former is obtained at a university 
possessing a faculty of engineering, and the 
latter in a manufacturing works. Much dis- 
cussion centres around the question whether a 
boy should proceed to a university straight from 
school or whether he should first secure his 
practical training, and there are various prac- 
tices in regard to this. Some engineers advocate 
that the practical training should precede a 
college course, others that it should follow, while 
some favour a sandwich arrangement of the 
two. This latter practice is in vogue to a large 
extent in the Scotch universities, while there 
are one or two instances of its practice in 
England. When one considers that the real 
object of the practical training is to develop a 
bent for one particular branch of engineering 
and to confirm the choice by experience, it 
would seem that the most satisfactory arrange- 
ment would be to follow the university course 
with the period of practical training, so that in 
general it is best that a boy should proceed from 
school to a university with as little delay as 
possible. One of the great disadvantages of 
entering practical life immediately after the 


school period is the reduced aptitude for learn- 
ing that results from a break in the continuity 
f studies. Moreover, it is always advisable for 
a student to finish his course of training in a 
works, or in some other form of engineering 
service, for during his practical training he has 
a chance of forming connections and interests 
which may ultimately be extremely valuable to 
him in securing a position from which to launch 
out on his career. In the cases where time is 
spent on practical work before beginning the 
university course, it should not last for more 
than a few months, which period will be suffi- 
cient for a youth to obtain a clear insight into 


the character of engineering work, and enable ~ 


him to judge to some extent whether he has 
chosen his profession rightly. 

The course of full time technical study to be 
followed by an engineer comprises at least three 
years, at the end of which a student should be 
able to secure an honours degree. The normal 
university course provides for a sound initial 
training in the principles of mechanical and elec- 
trical engineering, and as the course advances, 
the student is at liberty to choose between 
these two branches of engineering science. The 
last year is usually specifically devoted to the 
study of either electrical or mechanical engineer- 
ing. The course also provides laboratory and 
workshop training. It must be borne in mind, 
however, that the function of the workshop 
experience is not to develop any particular 
degree of manual skill or dexterity in the use 
of tools, but rather to give a preliminary know- 
ledge and experience of the different kinds of 
tools and their uses. Most universities have 
their strong sides, and if a youth is not restricted 
to choice by home conditions and has some idea 
of his particular bent, he will be able to choose 
the university most suited to his particular 
needs. For example, the University of Man- 
chester is strong in hydraulics, while Sheffield 
and Nottingham specialize on the strength of 
materials. The older universities, and particu- 
larly Cambridge, provide a more general engin- 
eering course than the modern universities, 
while the corporate life of the older universities 
is also desirable from the point of view of 
cultivating personality. The following gives a 
typical university course in engineering— 


First YEAR COURSE 
(Common to all Engineering Students) 


Mechanics and Mathematics. Lectures treating of 
abridged arithmetic; the fundamental principles of 
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algebra; theory of indices and logarithms, trigono- 
metry, especially with a view to practical applications 
and numerical calculations ; mensuration of areas and 
volumes, both graphically and by aid of algebra and 
trigonometry, and by aid of planimeters. 

The theory of vectors and rotors with applications 
to statics. 

Elementary solid geometry. 

Introduction to co-ordinate geometry. 

Introduction to the differential and integral calculus 
and to kinematics and kinetics. ; 

Graphical statics; the determination of stresses in 
frames. 

Laboratory work, which usually precedes lectures, 
includes experiments to find the conditions for equili- 
brium of coplanar forces acting at a point or on a rigid 
body ; friction, Hooke’s Law for elongation and torsion 
of wires and helical springs, Boyle’s Law, impact of 
bodies, experimental determination of the equation of 
motion of a body under the action of gravity ; inclined 
plane, and Attwood’s machine. 

Determination of the law connecting the periodic 
time of oscillations, in case of a simple pendulum with 
the length, and in case of bi-filar suspension with the 
length and distance of the threads. 

The use of the balance, specific gravity. 

Engineering Drawing and Workshop. The study of 
descriptive geometry, the drawing of machines and 
machine elements, such as cranks, connecting rods, 
valves, etc., the general arrangement of engine parts. 
Lectures on machine design. 

Instruction in pattern-making and metal work, 
including fitting, machining, and erecting. 

Physics. Lecture course on— 

Heat. Heat and energy, temperature and its 
measurement, calorimetry, expansion of solids, liquids 
and gases, change of state, conduction, convection and 
tadiation, mechanical equivalent of heat, the steam- 
engine. 

Light. Rectilinear propagation of light, reflection 
and refraction at plane and spherical surfaces, lenses, 
optical instruments, the spectrum, photometry, 
velocity of light. 

Magnetism and Electricity. Properties of magnets, 
the magnetic field, electrification by friction, the 
electric field, electrical units, electric current, thermal 
effects, magnetic effects, chemical effects, electrical 
instruments, electro-magnetic induction. 

The experimental work in the physical laboratories 
includes: Calibration of a burette, Boyle’s Law, 
melting points, expansions of liquids and gases, specific 
heats, latent heats, conductivity, refractive-indices, 
focal lengths and radii of curvature of mirrors 
and lenses, the spectrometer, photometry, magnetic 
moments, magnetic permeability, standardization of 
galvanometers, calibration of ammeters and volt- 
meters, measurement of resistance, resistance of cells, 
the potentiometer, capacity, Joule’s equivalent, the 
earth inductor, thermo-electricity. 

Chemistry. Lecture course on— 

The classification of elements on the periodic system ; 
the nature of chemical affinity and the conditions of 
its action; the laws of chemical combination and the 
atomic theory; the gaseous laws and the kinetic 
theory of gases; combustion, electrolysis and the 
theories of solution; atomic and molecular weights ; 
isomorphism, specific heat and vapour density ; 
valency, influence of mass on chemical change ; study 
of the metals and non-metals, and their more important 
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combinations, with especial reference to their technical 
applications. 

Experimental work, including main outlines of 
qualitative and quantitative analysis. 


SECOND YEAR COURSE 


(Common to all Engineering Students) 


Mechanics and Mathematics. Co-ordinate geometry 
of two dimensions. Determinants and theory of 


equations. Differential and integral calculus with 
various applications. 
Kinetics; the laws of motion and application to 


the motion of solids and systems of solids. 

Statics and hydrostatics. 

Laboratory work on rotation and oscillation of 
solids. Determination of moments of inertia by 
torsional, by bi- and tri-filar suspension. Motion of 
bodies having translation androtation. Determination 
of g by various methods. Experiments on elasticity, 
deflection of loaded beams, with determination of 
Young’s modulus; torsion and determination of the 
modulus of rigidity. 

Graphical work, drawing of various curves, harmonic 
analysis, use of integrators. 

Engineering. Lecture course on strength and 
elasticity of materials, mechanism, the theory of 
machines and machine design, the theory of the steam- 
engine, and the applications of dynamics to practical 
problems. 

Laboratory work and workshop course on above. 

Drawing office work on the design of simple struc- 
tures and machine parts, such as crane, boiler, and 
engine details, etc. 

Surveying. Use and adjustment of instruments, 
methods of surveying and plotting, land surveying, 
computations, use of plane table and stadia, elements 
of geodetic surveying. 

Electrical Technology. Lecture course, class exer- 
cises and laboratory work in— 

1. The fundamental electric and magnetic theory. 

2. Circuit electricity, including distribution of 
current in networks and simple alternating current 
theory. 

3. The construction of electrical machines, alterna- 
ting and direct. 

4. The magnetic circuit, armature windings and 
energy transformations in electrical machines. 
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5. Characteristics and uses of direct current genera- 


tors and motors. 


6. General properties and uses of alternating current 


generators, motors, and transformers. 
Chemistry. 31. Chemistry of combustion. 


liquid, and gaseous fuels. Analysis of fuels. Fuel 


Solid, 


calorimetry. The firing of boilers and typical furnaces — 


by means of coal, oil, and gas respectively. 

2. Principles of the blast furnace and the different 
kinds of iron produced. Manufacture of iron and steel, 
and the technical uses of alloys. 


3. Chemistry of water as applied to boilers. Boiler 


scale. Feed water heaters. 
Cements and lubricating oils. 
THIRD YEAR COURSE 


Mechanical Engineering. Lecture course in— 
Thermodynamics; boiler house economy; steam- 


Protection of metals. 


engines—contra- and una-flow—simple and compound 


—and their accessories. 


Internal combustion engines, — 


including gas, oil, petrol, and Diesel motors ; refrigera- 
tors and refrigerating machinery. Air compressors. 


The flow of steam, nozzles, steam turbines, impulse 
and reaction types. Hydraulic motors and hydraulic 
machinery. More advanced strength of materials and 
theory of machines, combined stresses and the measure- 
ment of strains. Modern methods of testing and the 


correlation of the strength and internal structure as- 


revealed by the microscope. 

Drawing office work—complete examples of mechani- 
cal engineering design, such as steel bridges, pumps, 
and engines, worked out in detail. 

Engineering laboratory work—systematic practical 
investigation of the properties of various materials 
(steel, iron, copper alloys, etc.), the economic running 
of boiler house plant and the testing of boiler efficiency. 
Tests on various steam and internal combustion 
engines, and investigation of effect of various valve 
adjustments on efficient running. Comparison of per- 
formance of pumps and injectors and measurement of 
steam turbine efficiency. 

Mechanics and Mathematics. Vector algebra, spheri- 
cal trigonometry and co-ordinate geometry of three 
dimensions, differential equations with applications and 
definite integrals. Kinematics, dynamics, theory of 
elasticity, etc. j 
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: By Percy E. Rycrort, M.B.E., M.LE.E. 


LESSON III 
WATER-TUBE STEAM BOILERS 


WaATER-TUBE boilers are now so dominant a 
feature of all steam-raising installations of any 
size that in general principle they will be familiar 
to all. 

The unit consists essentially of a nest of steel 
tubes of relatively small diameter, usually 
between I4 and 4in., connected into steam and 
water drums either by means of sectional 
“headers ” or direct. 

The main advantages of a water-tube boiler 
over those of the shell type may be briefly 
summarized— 

1. There is no limit to the size to which a 
Single unit can be built. Water-tube boilers 
capable of evaporating 50,000 to 100,000 lb. of 
water per hour are common practice in modern 
plants to-day. 

2. By the utilization of comparatively small 
water spaces, the possible working pressures are 
much higher than those at which shell boilers 
can be worked. 350 to 450 1b. per sq. in. is 
now quite common commercial practice, and 
large numbers of water-tube boilers have been 


Fic. 14. BABCOCK AND WILCOX PATENT WATER-TUBE 
Lanp BoILer (Crass W.1.F.) 
Fitted with Integral Superheater and Mechanical Chain Grate Stoker 


27— (5462) 


Fic. 15 


View showing arrangement of water tubes with their 
connecting headers attached to the steam and water-drum 


built within recent years for pressures of 600, 
800, and 1,200 lb. per sq. in. 

3. Water-tube boilers lend themselves to the 
provision of a very definite water circulation, 
and an even temperature over 
the whole unit can be very 
quickly obtained. On this ac- 
count water-tube boilers can be 
brought up to full steaming 
capacity from cold ina very 
short time, less than one hour 
being. required for a boiler 
capable of evaporating 50,000 
to 60,000 Ib. per hour, against 
several hours for a shell boiler 
evaporating one-tenth of this 
amount. 

4. The floor space occupied 
by a. water-tube boiler -of 
medium size, relative to its 
steaming capacity, is- about 
one-third of that required by 
shell boilers capable of evapor- 
ating the same amount of steam 
per hour. l 

5. All the separate parts of 
a water-tube boiler, however 
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large the ultimate structure, are relatively light, 
and can be readily put together on site so that 
no difficulties of transport have to be considered. 

6. Mechanical stoking, automatic ash removal 
and the like can be much more efficiently applied 
to water-tube boilers than to any other type. 
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for their familiar design as long ago as 1866, is — 
the standard from which all similar types have 
been evolved. Itis interesting to note, however, 
that so far as essential features are concerned the 
Babcock boiler of to-day is identical in principle ~ 
with the original design, although, naturally, 
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DEPTH OF CONCRETE TO SUIT NATURE OF SOIL. 


16. KEY PLATE oF BABCOCK DOUBLE-DRUM BOILER COMPONENTS 


FRONT ELEVATION AND SECTIONS 


COMPONENT PARTS OF BABCOCK BOILER 


FIG. 
I. Steam and water drum. 14. R.H. Ash pit door. 
2. Rear cross pipe. 15. L.H. z ji. 
3. Front cross pipe. 16. R.H. Tube door and panel. 
8. Top cross beam. 17, LHL Y i sa 
9. Bottom cross beam. 20. Uptakes. 
10. R.H. Fire door piece. 21. Downtakes. 
ir. LH. is +) 22. Hand hole fittings. 
12. R.H. Fire door. 23. Long tubes. 
13. L.H. yo” 24. Nipples. 


Water-tube boilers may be divided into two 
main classes, viz., horizontal tube and vertical 
tube. In the former the water tubes are prac- 
tically parallel to the fire-grate, the inclination 
being usually about 15° to the horizontal. 
In the latter, the tubes are more or less 
vertical. 

Horizontal Water-tube Boilers. Of the hori- 
zontal water-tube type the Babcock boiler, 
originally invented by George Babcock and 
Stephen Wilcox, who took out a joint patent 


25. Nipples. 34. Dampers. 


26. Circulation tubes. 35- Lintels for doors. 
27. Mud drum. 36. I beams. 

28. Blow-off pipe. 37. Channels. 

29. Top cleaning door and frames. 38. Bases. 

30. Top door anchor plates. 39. Side caps. 

31. Square doors. 40. Suspension plates. 
32. Flue doors. 41. Suspension bands. 
33- Dusting doors. 47. Grate bars. 


improvements have 


many modifications and 
as construction is 


been effected so far 
concerned. 

There are now two main designs of this boiler, 
the land type, for evaporations up to about 
35,000 lb. of water per hour, and the cross 
marine type for all evaporations exceeding this 
figure, or for lower evaporations where special 
conditions, such as restricted space, call for high 
duty steam plant of this description. 

The Babcock Boiler (W.1.F. Land Type). This 
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boiler consists of a number of solid-drawn steel 
tubes of 4in. diameter, which are expanded at 
either end into wrought steel “headers,” or 
uptakes, to form a complete section having 
suitable hand holes with removable caps 
opposite the opening of each tube, for cleaning 
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circulation of the boiler water when the plant 
is at work. 

The steam and water drums are suspended in 
steel slings from cross girders carried on steel 
stanchions, so that when completed, the whole 
boiler is free to expand in any direction, and is 
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Fic. 17. KEY PLATE OF BABCOCK DOUBLE-DRUM COMPONENTS 
SIDE SECTIONAL ELEVATION 


COMPONENT PARTS OF BABCOCK BOILER 


48. Grate bearers, single. 57. Buckstays. 
49. 5 a double. 58. Anchor bolts for buckstays. 
50. Dead plates. 60. Tie rods for buckstays. 
51. Z bars. 62. Coupled rods for buckstays, 
52. Tube bricks. I beams. 
53. Flame plates. 63. Anchor plates. 
54. A » bolts. 65. Internal feed pipe. 
55- yz. Dars- 66. łin. pipe. 
56. L beams. 72. Dry pipe. 
“e ” 
purposes. The headers are “ staggered” or 


formed in such a way that they interlock with 
adjacent sections, and allow each horizontal 
row of tubes to symmetrically cover the spaces 
between ‘the tubes forming the row beneath. 
Each complete section is connected by short 
tubes or uptakes into a saddle piece or cross box 
rivetted to the longitudinal steam and water 
drums at either end. The tubes are set higher 
at the front end.than at the back—an inclina- 
tion of 15° to the horizontal—to facilitate rapid 


73. Dash pipe. 92. Feed and cheek valve. 
83. Damper wheel. 94- 4, regulating valve. 
84. P brackets. 95. » pipes. 

85. s weight. 98. Plates between drums 
86. 9 chain, 100, Name plates. 


88. Safety valve. 
89. Stop valve. 

go. Steam gauge. 
gt. Water gauge. 


entirely independent of any supporting brick- 
work. 

The smaller boilers have one drum, the larger 
sizes having two, three, and, in rare instances, 
four, according to the steaming capacity 
required. The maximum number of sections 
connected to any one drum is ro, and the num- 
ber of horizontal rows of tubes varies according 
to the conditions under which the boiler has to 
be worked, space considerations, and the degree 
of superheat demanded. 
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Provision is made for the removal of sludge by 


a “ mud drum” or box connected to the lower 
ends of the back headers, from which a “ blow- 


ENLARGED VIEW OF TUBE SECTIONS 
IN BABCOCK BOILER 
Showing method of packing asbestos between headers 


Rice T8. 


down ” pipe, operated by a special type of hand 
valve, is led to any convenient position. 

The normal rating for evaporation is approx- 
imately 4 lb. of water per sq. ft. of heating sur- 
face with mechanical stoking, and from 3 to 
34 for hand firing. Practically all boilers are 
capable of 25 per cent overload, providing 
suitable draught is available. 

The following brief specification of the prin- 
cipal components of a boiler rated to evaporate 
20,000 lb. of water per hour at a working pres- 
sure of 200 lb. per sq. in. is typical practice— 

Sections. Boiler composed of 18 sections, 
each section consisting of 13 seamless steel tubes 
4 in. diameter and 18 ft. long. 

Headers. Of best flanging quality, open 
hearth, mild steel of a tensile strength of 
24-28 tons per sq.in. (Notre. The latest 
practice is for these headers to be “ solid- 
drawn.” They were formerly pressed from 
wrought steel and welded. In the early original 
boilers, the headers were of cast iron.) 
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Drums. The steam and water drums— 
two for each boiler—are 48 in. diameter and 
24 ft. gin. long, made of mild steel plates 
17-32 in. thick. Longitudinal seams double- 
butt strapped. 

All plates of highest quality, open hearth, 
mild steel, having a tensile strength of 28-32 
tons per sq. in., and an elongation of not less 
than 20 per cent in 8 in. 

Rivetting. Allrivet holes drilled through both 
plates at one setting after the plates have been 
bent to their true form. Burrs cleaned off both 
sides of each plate after drilling. Rivets of 
such a size that they have to be driven or 
pressed into the holes. All rivetting done by 
hydraulic pressure. 

Cross . Boxes and Drum Ends. The drum 
ends are pressed into shape and the man-holes 
formed in one heat. The flanges are turned to 
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Fic. 19. 
WATER-TUBE BOILER, STEEL-CASED 
MARINE TYPE FOR LAND PURPOSES 
Fitted with Superheater, Chain Grate Stoker, 
and Superposed Economizer 
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an exact fit in the shell and also turned on the 
edge. 

The cross boxes are pressed out of a single 
plate without weld or seam of any kind. 
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All holes for tube connections are accurately 
bored, and surfaces next the drum machined. 

This boiler is usually set in brickwork, and 
for the smaller sizes may be in battery. Units 
with an evaporation of over 25,000 lb. of water 
per hour are, however, almost always set 
singly. 

The Babcock C.T.M. Unit. The Babcock 
C.T.M. water-tube boiler differs from the 
standard land type already described in a num- 
ber of ways. There is practically no limit to 
the size of this unit, and many examples are 
at work evaporating over 100,000 lb. of water 
per hour. The sectional headers are common to 
both types, but with the C.T.M. boiler, only 
one drum is provided, and this is set trans- 
versely or at right angles to the tubes. The 
tube inclination is reversed, i.e. the distance 
from the firing floor to the tubes is greater at 
the back than at the front. 

Like the land type design it is a 3-pass boiler, 
the furnace gases passing through the tube 
nest three times, but the “ baffling ” or tube 
plates to effect this are rather differently 
arranged. 

In the standard land type boiler only approx- 
imately half the length of the bottom rows of 
tubes are exposed to the furnace. In the C.T.M. 
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it will be noted that the whole of the length of 
the lower tubes is so exposed. 

By virtue of the fact that some 50-60 per cent 
of the evaporation of water-tube boilers takes 
place in those tubes nearest to the fire, the 
rated evaporation per sq. ft. of heating surface 
is higher in the C.T.M. type than in the standard 
land type. 

A further point of difference is the provision 
of a superposed steel tube economizer as an 
integral part of the unit, and the fact that the 
complete boiler is supported on a self-contained 
steel framework and the whole enclosed in a 
steel casing lined with refractory brickwork. 
It is common practice for this boiler to be 
equipped with its own steel chimney, and 
mechanical draught plant erected on a platform 
above the superposed economizer, and at the 
Manchester Corporation Super-Electric Power 
Station at Barton, where ro C.T.M. units— 
each capable of evaporating 120,000 lb. of 
water per hour—are installed, the height from 
boiler-house firing floor to fan platform is some 
7o ft. It is claimed that with this boiler a 
maximum evaporation per square foot of floor 
space occupied is obtained, and they have 
already been built for all working pressures up 
to 1,500 lb per sq. in. 
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By ARTHUR Grounps, B.Sc., A.I.C., Assoc.M.I.Min.E., A.M.C.T. 


LESSON VI 


NOTES ON OPERATION OF 
BOILER PLANT 


THE general principles underlying the phe- 
nomena of combustion have been briefly exam- 
ined in earlier lessons, and we must now con- 
sider how these principles are actually applied 
in practice to the successful running of boiler 
plants. We have seen how the combustion of 
I coal with exactly the correct proportion of air 
leads to the production of flue gas containing a 
high percentage of carbon dioxide, varying 
` between, say, 18 and roughly 20 per cent, 
according to the analysis of the coal burnt. If 
we admit more air to the furnace than is actually 
necessary for the combustion of the coal, this 
air dilutes the flue gases, and leads to loss of 
heat as sensible heat in the gases escaping up 
the stack. The carbon dioxide content of the 
flue gas will diminish as the proportion of excess 
air admitted to the furnace increases, and Fig. 4 
shows what proportion of the available heat of 
the fuel is lost in the chimney gases with varying 
percentages of carbon dioxide in the flue gas 
and different temperatures at the base of the 
stack. From these curves it will be seen that 
with a carbon dioxide content of 12 per cent 
(representing very good average practice) and 
a temperature of 450° F., the heat lost as actual 
sensible heat in the flue gas represents about 
II per cent of the available heat of the fuel. 
If the carbon dioxide in the flue gas is found to 
be 6 per cent, as is unfortunately only too often 
the case, and the temperature of the exit gases 
is found to be 500° F., the percentage of heat 
wasted in the flue gases is about 24 per cent of 
the total heat of the fuel. 

From the information to be derived by a 
consideration of Fig. 4 it will be realized that 
a very good idea of the efficiency of the plant 
can be obtained by analysing the flue gases to 
find out what is their content of carbon dioxide, 
and at the same time taking their temperature. 
There are many forms of carbon dioxide indi- 
cators on the market, whilst CO, recorders are 
also available which will provide a written 
record, showing how the carbon dioxide has 


varied over a period of time. Such instru- 
ments provide figures which are invaluable, if 
taken in conjunction with notes, as to the actual 
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FIG. 4. Heat Lost IN CHIMNEY GASES FOR 
VARIOUS FLUE Gas TEMPERATURES AND VARIOUS 
AMOUNTS OF EXCESS AIR 


operation of the plant. Such notes should 
include details as to draught on the boilers, 
thickness of the fires, method of firing adopted, 
and so on. With bituminous coals such as are 


~ 
os . 


FUEL 


| very largely used in this country for steam- 


raising purposes, there is always a danger, with 
hand-fired boilers, of smoke being generated in 


| large quantities, especially just after firing. This 
_ smoke nuisance can be very largely avoided by 


on to one side only of the fire. 


-adopting one of the following systems of firing. 
Firstly, there is the method known as “ side 


firing.” which consists in charging the fresh fuel 
As the large 


quantities of gaseous and tarry constituents are 


given off from the raw coal, they have to pass 
over the bright fire on the other half of the grate, 
so that the temperature is maintained at a 
sufficiently high figure for complete combustion 
to take place, provided, of course, that sufficient 
air be admitted to the furnace. In order to 
ensure that this is so, the air slides in the 
furnace doors should be opened wide immedi- 
ately raw fuel is charged on to the grate, and as 
the volatile matter burns off they should be 
gradually closed. An alternative method is to 
charge the raw coal on to the dead plate of the 
furnace, so that as the volatile matter is evolved 
it has to pass forward over the bright fire on the 
bars and thus is completely burnt. Draught 
regulation plays a very important part in the 
satisfactory operation of boiler plants, and the 
effect on the carbon dioxide content of varying 
the draught on the grates, by means of the 
main dampers, should be studied. Care should 
also be taken to see that the back end of the 
grate is never left bare. A lazy stoker will 
sometimes neglect to throw fuel to the back of 
the grate or will not even trouble to work the 
glowing fire towards the back. When this 
happens, air rushes into the flues through the 
bare patches in the grate with consequent loss 
of heat and cooling of the flues. In other 
plants, although the grate may be kept covered 
as well as possible, the grate may be too large 
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for the actual quantity of fuel burned, and it 
should be the aim of the boiler engineer to obtain 
a combustion figure of 20 to 30 lb. of average 
quality coal per square foot of grate area per 
hour. A good average figure is 24]b. The 
size of the fuel also influences the efficiency of 
the combustion. Large coal of 6in. size is 
unsuitable for combustion in Lancashire boilers, 
and this should be broken down to a maximum 
size of 4in. cube, whilst 2in. coal is still 
more suitable. Considerable losses may occur 
through attempting to burn fine coal (especially 
if the coal be of a non-caking variety, such as 
a dry steam coal, or anthracite) on grates in 
which the fire-bars are too widely spaced. When 
this is done, a large quantity of fine coal may be 
lost in the ash cleaned out from the tubes. 
There is a double disadvantage in burning these 
small coals of low volatile matter content since, 
for their satisfactory combustion, forced draught 
is almost essential, with the result that further 
quantities of fine coal are blown into the flues 
before such coal has even had time to ignite 
properly. In the case of bituminous slacks of 
a caking nature, these may sometimes be wetted 
down with advantage, since such wetting 
enables the fine coal to cake together for a 
sufficient time to enable some of the tarry 
matter driven off from the coal, on heating, to 
act as a binder and to produce a protective 
outer crust to the main mass of the fine coal, 
thus preventing it from being blow into the 
flues. The draught should be measured in the 
furnace itself, in the flue on the furnace side of 
the boiler damper, and at the base of the stack, 
whilst the CO, should be determined, preferably 
in the downtake, since at any point farther 
away from the furnace, the effect of excess air 
leaking into the flues may lead to erroneous 
conclusions as to the efficiency of combustion. 
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STEAM CONDENSING PLANT | 


By Joun Evans, M.Ene. 


LESSON. -V 
THE EJECTOR CONDENSER 


THE ejector condenser, Fig. 17, especially suit- 
able for working in conjunction with high speed 
reciprocating engines is simple, reliable, and 


Fic. 17. SECTION OF SINGLE-JET 
EJECTOR CONDENSER 


cheap, though perhaps not used so extensively 
as it might be. Water at a head of about 
20 ft. is discharged through a nozzle <A, its 
pressure energy being converted into velocity 
energy, the water issuing from the nozzle in a 
solid, smooth jet, and not in the form of a 


spray as in the jet condenser. If a supply of 
water with a natural head is not available, it 
is necessary to install a pump, usually of the 
centrifugal type, to produce the required head. 
The steam to be condensed enters the condenser 
at right angles to the direction of the jet, and 


Fic. 18. SECTION oF MULTI-JET EJECTOR 
CONDENSER 


is directed by a series of guides or inverted 
cones B, to the surface of the water jet, where it 
is condensed by direct contact. 

The combined condensate and cooling water 
flow through a diffuser nozzle C, in which its 
velocity energy is converted back into pressure 


energy, enabling it to be discharged against the 
atmospheric pressure. A non-return valve, 
fitted at the exhaust steam branch, closes in 
the event of the water supply failing, or the 
condenser becoming flooded, thus protecting 
the engine from damage which might be caused 
by the vacuum drawing back water from the 
hotwell. 

The temperature difference between the 
water and steam is greater in the upper guides 
than in the lower, owing to the gradually 
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75 F. and over, they effect a saving of some 
30 per cent of cooling water required as com- 
pared with the single-jet type. 

The illustration shows a Ledward and 
Beckett multi-jet ejector condenser, a special 
feature of which is the vacuum breaker. 

Immediately the water accumulates in the 
condenser from any cause, the float rises and 
lifts the relay valve, allowing air to enter by 
the relay valve and pass through a pipe connec- 
tion to the under side of the piston of the air 
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FIG. 19. DIAGRAMMATIC ARRANGEMENT OF MULTI-JET CONDENSER WITH CENTRIFUGAL PUMP 


increasing temperature of the water as it falls 
through thé condenser. The distance between 
the guide cones is increased from top to 
bottom, so that the velocity of the steam 
flowing between them is kept constant. With 
this arrangement the difference in vacuum 
between the guide cones and exhaust pipe is 
uniform, a drop of } in. (vacuum 28 in.) being 
sufficient to maintain the necessary steam 
velocity. 

The single-jet condenser does not compare 
favourably with a surface condenser for high- 
vacua requirements, and to overcome this dis- 
advantage multi-jet condensers (Fig. 18) have 
been designed. They are more suitable than 
the single-jet type, especially where water 
temperatures are high, and for temperatures of 


admission valve. The piston, which is of larger 
area than the air inlet valve, is at once pulled 
upward by the vacuum in the system, and forces 
open the air inlet valve thus destroying the 
vacuum. 

The condenser then clears itself of water, and 
the float falls into its normal position, closing 
the relay valve. A vacuum is again formed on 
both sides of the air admission valve, which 
allows the valve to close. 


Advantages of Ejector Condenser— 


I. Simplicity and absence of moving parts. 
. Small space occupied. 
. Low first costs and running costs. 


2 
3 
4. Dirty water may be utilized. 
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Disadvantages— 


I. The feed is lost, and where dirty water is 
used, a separate “ make up ” is required. 

2. It is uneconomical for high vacua, and 
unsuitable for high powers. 

Fig. 19 shows a diagrammatic arrangement 
of a multi-jet ejector condenser arranged to 
condense the exhaust steam from a turbine. 


CALCULATIONS FOR AN EJECTOR CONDENSER 


A single-jet condenser is to condense 20,000 1b. 
of exhaust steam per hour when supplied with 


Fic. 20. SINGLE-JET EJECTOR CONDENSER 


cooling water at 60° F., and is to maintain a 
vacuum of 28in. in the exhaust steam pipe. 
Head of water available is 20 ft. 

Cooling Water. Taking a pressure drop of 
0:5 in. of mercury across the guide cones from 
the outer to the inner edges, the vacuum at the 
inner edges will be 28 + 0-5 in. (corr. temp. 
g2° F.), and the steam velocity Vs will be 
that due to the heat liberated by expansion 
of the steam in flowing through the cones 
(Fig. 20). 

Assuming the dryness fraction of the exhaust 
steam is 0-9, then from the Mollier chart (see 
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Lessons on Theory of Heat Engines), the heat 
drop h from 28 to 28:5 in. vac. = 16 B.Th.U.’s, 
and the dryness fraction q of the steam at the 
inner edges of the cones = 0-89. 


* Vs = V2gJh = V2 X 32-2 X 778 X 16 = 895 
ft.-sec. 
Let tł = cooling water inlet temp. ° F. 


nh = = Oudeto E 
» tsı= steam temp. entering condenser 


a is = immediately before condensa- 
tion 
„ L = latent heat of steam. 9 


The temperature of the steam before con- 
densation źs will be 92° F., corresponding to 
284 in. vac., and taking ¢,-t, = 4° F., 


Water required per lb. steam condensed 


TEL 
Eye 


(0:89 x 1040) + 4 
F 88 — 60 


== 33:2 Ib: 


Steam condensed per sec. 


20,000 
= Ue 60.08 00 = 550i 


and cooling water used per sec. 
= W = 550 X 33-2) 104. 5.1br 


Water Nozzle. 


Let H, = head of water available in feet (above 
atmospheric pressure). 
V = vacuum inside cones in. of mercury. 


C, = coefficient of water velocity through 
nozzle = 0:96, say. 


There the effective head H, of the water 
will be the sum of the static head, and the 
suction head caused by the vacuum in the 
condenser. 


enn m+% V =20+4 oa 
= 51-7 ft. 
<. Velocity of efflux of water through the 
pozie as 1 C,V 2¢H,, 
= 0964/2 X 32-2 X 517 
= 554 ft. per sec. 


Diameter of water nozzle throat 
W 144 4 _ [184:5 X 144 X 4 
ya aor 62-4 X 55-4 X T 
== ST in. 


Diffuser. 


Let 7, = length of condenser body in feet 


== ili, Say: 
l = length of diffuser body in feet 
S Aier say: 
_ 0 = guide cone angle = 30°, say. 
| Vt = velocity in diffuser throat in ft. 
` "per sec. 
Vd = velocity at diffuser discharge in 
IE Der Sec: 


Then by the principle of the “conservatism of 
momentnm, ” 


and condensed steam in diffuser 


Momentum of combined water 
throat 


Momentum of Momentum added to 
-+ 4 water jet enter-+ + į water jet during its fall 
ing condenser through the condenser 
ie. (W + w) V; 
= w V., cos 0 + Wv/29(H, +h) 


Be Vi = @ V,cos 0 x Wv/2g (H; +h) 
W+w 
and, assuming 0 = 30°, Vt 


(5:56 X 895 X 0:866) + 1845 V2 X 32:2(51'7 + 5) 


5°56 + 184°5 
ee, Sato Bre 
eae 81-4 ft. per sec. 


Actually, Vé will be less than 81-4 ft.-sec., 
owing to losses due to shock, eddies, etc. 
Assuming the actual diffuser throat velocity to be 
65 per cent of that calculated, then 


Vi'= -65) x BCA = 52-4 it. per sec. 
<. Area of diffuser throat 


Ww 144 58475 + 5:56 144 
62:4. Vi 024 524 
= 837 sq. in. 


and diameter of diffuser throat 


a CTRA 


7 
The velocity Vt is converted into pressure 
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— \Momentum /{ _ 
~ Jof steam 
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energy in the diffuser, so that the water 
may discharge against atmospheric pressure. 
By Bernouilli’s theorem— 


Total energy in nozzle throat = total energy 
at discharge. 


: VP 34 Vd? 
wen ( 2p + (30 — 28:5) 4 or +34- 


where 7) = diffuser efficiency = 80 per cent, say. 
Then 
Pn DoT 
ar Maye T < 2 i 34-4 
or Vd = 18-75 ft.-sec. 
<. Area of diffuser discharge 


W + w 
62:4 


144 l 


TATOO ' 
18-75 = 234 sq. in. 


da 62°74 


Diameter of diffuser discharge 


= fee x4 4 = 5°46 in. 


Exhaust Steam Branch. Taking the velocity 
of the exhaust steam entering the condenser 
to be 400 ft.-sec. (see Lesson IV), and neglecting 
the very small volume of the moisture in the 
steam— 


Area of exhaust steam branch 


144 
400 


20,000 X 33I X 0:89 
60 x 60 


590 sq. in. 


Diameter of exhaust steam branch 
= Ain 


Notre. The diameter and length of the tail 
pipe may be calculated in a similar manner to 
that adopted for a barometric jet condenser 
(Lesson IV). 


THE EVAPORATIVE CONDENSER 


The evaporative condenser is built up of a 
series of banks of cast iron, copper, or brass 
tubes, usually arranged horizontally, and con- 
nected by headers or U bends at each end 
(Fig. 21). Steam or vapour to be condensed is 
passed through the tubes, over which water is 
allowed to trickle, condensation of the steam 
being produced by the rapid evaporation of the 
water film on the outer surface of the tubes. 
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The latent heat given up per lb. of steam con- 
densed will evaporate x lb. of cooling water at 
the same temperature, but as the water evapor- 
ated is first raised in temperature, the weight 
of cooling water lost by evaporation is less than 
the weight of steam condensed, being 50 to 
go per cent, depending on the initial cooling 
water temperature. Air surrounding the tubes 


is raised in temperature, and saturated with 
evaporated cooling water, the warm current of 
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with the steam, thereby lowering the rate of heat. 
transmission through the tubes. 
To increase the rate of evaporation of the- 
cooling water, and consequently the rate of 
condensation of the steam, artificial draught is- 
sometimes adopted, and produced either by a 
chimney placed over the condenser, or by a fan, 
or a combination of both. Where a fan is used, 
induced draught is preferable to forced draught, 
the former giving a more even distribution of, 


DDD 


TAS 


. EVAPORATIVE CONDENSER ARRANGEMENT 


(Ledward & Beckett, Ltd.) 


vapour-laden air rising and producing the 
necessary draught over the tubes. The cooling 
water falls from the lower tubes into a reservoir 
placed underneath the condenser, and is 
pumped back into troughs placed over the 
top rows of tubes, and redistributed. The 
“ make up,” which is, fed into the reservoir, 
is equal in amount to the quantity of water 
evaporated plus that carried away as spray in 
the wind. 

In order to present a maximum evaporative 
surface to the cooling water, the tubes are some- 
times corrugated, or fluted as in Fig. 21, but it 
is doubtful if this is advantageous, as the 
formation of channels and indentations provide 
pockets for water and oily matter carried over 


the water. The fan, however, must necessarily be 
large, as the air dealt with is saturated at its maxi- 
mum temperature, and hasa maximum volume. 

Where a vacuum less than 26 in. is maintained, 
the air pump removes both the condensate and 
incondensable gases. If the vacuum exceeds 
26 in., the condensate, after draining downward 
through the condenser is removed, either by a 
separate pump, or where height allows, direct 
to the hotwell by a barometric leg. 

When working under light load conditions, 
the whole of the steam is condensed in the 
upper rows of tubes, and to maintain a high 
condensate temperature—especially in installa- 
tions where the condensate provides the boiler 
feed—the condenser is sectionally drained. 


A view of an evaporative condenser is shown 
i Fig. 22. Á is the exhaust steam pipe which 
istributes the steam to each of the condensers, 


Fic, 22. 


B and C are water distributing pipes which 
supply the troughs D, and Æ is the header which 
collects the condensate from each section of the 
condenser. 
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Evaporative condensers are used where 


cooling water is scarce, or where little space is 
available. They are built in the open, often 


EVAPORATIVE CONDENSER 


on roofs, etc. Their chief drawback is that their 
operation depends on the prevailing climatic 
conditions, and steady working conditions are 
difficult to maintain. 
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THE SLIDE-RULE 


By W. G. Bicxiry, M.Sc. 
Lecturer in Mathematics, Battersea Polytechnic 


LESSON I 


TuE slide-rule seems to have been invented by 
Edmund Gunter in 1624, a few years after the 


become expert in using what should be his best 
friend and most trusted servant. 

It cannot be too strongly emphasized that! 
without understanding the principle of the rule, 


/ 2 3 4 By  % ty 2) a0 
x£ Y 
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invention of logarithms by Napier. Gunter 
realized that the addition and subtraction of 
logarithms could be done mechanically by means 
of a graduated scale, and produced what he 
called a “line of numbers ”? which enabled pro- 
ducts of numbers to be obtained. William Ough- 
tred, in 1632, described a slide-rule using two 
sliding scales, the first published description 
of the slide-rule as we know it. The commercial 
production of slide-rules in large quantities 
at reasonable prices is, however, a compara- 
tively modern development, but at the present 
time there are many firms making and selling 
them, from the cheap ones printed on cardboard, 
to the better wooden, celluloid faced rules 


/ 2 


no one can become really expert in its use, 
and get the most out of it. To make these 
principles clear, we will, before describing the 
commercial article, give instructions for making 
a simple slide-rule ourselves. 

Construction of a Simple Slide-rule. Draw a 
line, X Y (see Fig. 1), and mark off a segment 
between the graduations I and 10 of convenient 
length, say 10 in. The graduations 2, 3, 4, etc., 
are now put in, making the distance between T 
and 2, 10 X log. 2 = 3'0Iin.; the distance 
between I and 3, 10 X log. 3 = 4:77in.; the 
distance between 1 and 4, 10 X log. 4 = 6:02 in.; 
and soon. Other graduations may be put in if 
desired. The graduations should be marked by 
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graduated by elaborate dividing engines. There 
are also many rules specially made and gradu- 
ated for special technical purposes, and even the 
ordinary better class of rule will do much more 
than just multiply and divide. 

The engineer, with the many routine calcula- 
tions he must perform, cannot afford to be 
ignorant of any means of saving time, labour, 
and mental energy, and a device which enables 
him to carry out these calculations with speed 
and sufficient accuracy, will appeal to him as a 
necessity of his working life. The object of 
these articles is to explain the underlying prin- 
ciples upon which the construction and gradua- 
tion of the slide-rule are based, and to give help 
in mastering its use, so that the student may 


short perpendiculars on both sides of X Y, and 
the numbers also put in on both sides. Now 
carefully cut along the line X Y, and you will 
have two scales, logarithmically graduated. 
We will call the upper the C scale, and the lower 
the D scale. Now slide the C scale along until 
the graduation 1 on the C scale is opposite the 
graduation 2 on the D scale (see Fig. 2). You 
will notice that the 2, 3, 4 and 5 of the C scale 
are now opposite the 4, 6, 8, and I0 of the D 
scale respectively ; that is, every D number is, 
for this position, twice the corresponding C 
number. In this position, our scales enable us 
to multiply by 2. That this must be so follows 
from the method of construction and the laws 
of logarithms. For the distance between the I 


on the D scale and the 3 on the C scale is the 
‘sum of the distances between 1 and 2 on the 
D scale, and between I and 3 on the C scale, 
i.e. is 10 log. 2 + ro log. 3 = Io (log. 2 + log. 3) 
= 10 log. 6. This is the distance between the 
rand the 6 on the D scale. Consequently the 
3 on the C scale must come opposite the 6 on the 
D scale—and similarly for the other pairs. This 
example and its explanation should make clear 
the manner in which a pair of logarithmically 
divided scales will perform the operation of 
adding logarithms, and so multiply numbers. 
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of the decimal point, by multiplying numbers 
between I and I0. There is, however, another 
way of overcoming the difficulty. Instead of 
putting the I of the C scale opposite the 2 of the 
D scale, put the ro there (see Fig. 3). Then we 
have the 1 of the D scale opposite the 5 of the 
C scale. But the D scale is now to be read 10, 
20, 30, instead of I, 2,3. Opposite the 6, 7, 
8, 9, of the C scale would be the 12, 14, 16, 18 
(or as they would be marked, 1:2, 1-4, 1-6, 1:8) 
of the D scale. Similarly, to find 8 x 5, put the 
to of the C scale opposite the 8 of the D scale, 
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Similarly, with the 1 of the C scale opposite the 
3 of the D scale, we can multiply by 3, and so 
on, The rule for multiplication is, then— 

Set the 1 of the C scale opposite one of the 
numbers, on the D scale, and read the product 
on the D scale opposite the other number on 
the C scale. 

There are some other points to be noted. 
With the setting for multiplication by 2 (Fig. 
2), we can put in some more graduations on the 
C scale. For instance, opposite the 3 on the 
D scale, we must have 1:5 on the C scale; 
opposite 5 on D, 2-5 on C, and so on. These 
new graduations can be transferred to the D 
scale by moving the scale C back to the position 


2 3 


and then read the answer opposite the 5 of the 
C scale, obtaining 4, meaning 40. 

Division is the reverse of multiplication. Our 
setting in Fig. 2 shows the 2 X 3 = 6. Another 
way of saying the same thing is that 6 ~ 3 = 2. 
Thus, to divide 6 by 3, put the 3 of the C scale 
opposite the 6 of the D scale, and read the answer 
on the D scale opposite the r of the C scale. In 
genera]l— 

To divide, set the divisor on the C scale 
opposite the dividend on the D scale, and read 
the answer on the D scale opposite the 1 (or 
I0) of the C scale. 

The (or ro) in this rule refers to the case when 
the I of the C scale overlaps to the left. For 
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of coincidence. Further, though the numbers 
marked on the scales are between I1 and 10, they 
can be used for any numbers, the decimal point 
being put in by inspection—zo x 30 = 600, 
the 6 being read from the sacle, and the o’s 
added, and soon. One difficulty still remains. 
If we seek 2 x 8 with the setting of Fig. 2, we 
find that the 8 on the C scale lies outside the 
graduated portion of the D scale. One method 
of overcoming this is evidently to extend fhe 
graduations. This cannot, of course, be done 
indefinitely, but it is, in fact, only necessary to 
go to 100, ie. to double the length of the 
scales, since the product of any two numbers 
less than ro must. be less than roo, and any 
product can be found. except as to the position 


instance, to divide 3 by 5, put 5 on the C scale 
opposite 3 on the D scale. The 1 of the C 
scale is to the left of the graduated portion of 
the D scale, but under the 10 of the C scale we 
read 6. Putting in the decimal point, our 
answer is, of course, 0-6 (see Fig. 4). 

It will so far have appeared that a pair of 
logarithmically divided scales will enable us to 
perform any multiplications and divisions. They 
will only determine the figures of the answer— 
the position of the decimal point must always 
be found by inspection, or by a rough estimate 
of the answer. It will also be a convenience if 
the scale is graduated from I to 100, but this 
will either mean a longer scale, or a smaller 
unit, that is either a more unwieldy rule, or a 
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loss of accuracy. The usual pattern of straight 
tule combines these two, in a manner to be 
described soon. It will also be evident that for 
practical use, many more graduations should be 
inserted. 

The Straight Slide-rule. 
usually made is illustrated in Fig. 5. 


The slide-rule as 
(The 
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the graduations are engraved is usually of white © 
celluloid, stuck and rivetted to the wood. 
Recently, however, all-metal slide-rules, appar- 
ently made of aluminium, have been introduced. 
The grooves CC, in Fig. 6, are those in which the - 
frame of the cursor slides. The cursor is a piece 
of glass in a frame, and has a fine line engraved 
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author is indebted for the loan of the block from 
which this is printed to W. F. Stanley & Co., 
Ltd., Scientific Instrument Makers, 286 High 
Holborn, W.C.1.) It consists of a stock and a 
slide, and the section is as shown in Fig. 6, the 
slide being tongued and the stock grooved. The 
slide should be truly parallel, and should not 
move too freely in the stock ; the fit should be so 
tight that it will not move of its own accord. To 
secure this, the better slide-rules often have the 
stock in two portions connected by a thin steel 
plate, the “‘spring’”’ of which presses the two 
portions tightly against the slide between. This 
form has the further advantage that the slight 
wear in use is automatically taken up by the 
spring back. The wood used is usually box, 
though there are Japanese rules made of bam- 
boo. The face of the stock and slide upon which 


on its under side, perpendicular to the slide. It 
serves two main purposes. Sliding it along, the 
line enables us to divide with ease and accuracy | 
the segment between two graduation lines; it 
also acts as a “ mechanical memory,” to record 
the partial results in the stages of a long calcula- 
tion. The front view can be clearly seen in 


Fig. 5. The usual lengths of the graduated por- 
tion of the rule are roin. and 25cm. Rules 
of half this length are also made, and even 
smaller, but decrease of size means decrease of 
accuracy, though the smaller rules are certainly — 
handier for the pocket. 


FITTING AND ERECTING 


LESSON VII 
FASTENINGS— (contd. ) 


Cotters and Gibs. Cotters are wedge-shaped 
‘keys, used to pull parts together, and to main- 


LD 


We. 


Fic. 39. COTTER WITH A SINGLE GIB 


tain them in precise relations to each other. 
They are employed in the adjustable ends of 
connecting rods, to secure piston-rods in cross- 
heads, to make connections between rods, and 
to secure the heads of long bolts in walls and 
in foundations. The friction of the cotter in its 
slot usually suffices to retain it in place, the 
taper being slight. But in parts that are sub- 
ject to incessant vibration, the cotter might 
slacken and slip back. It is usual to prevent 
that risk by locking it with a screw and a nut or 
nuts. Or it may be fastened with a set-screw 
at one side. In a crude form the tail of the 
cotter is split, and opened out after it has been 
thrust through its slot. Cotters are parallel in 
the thickness, and tapered on one edge only, 
or on two. Gibs are necessary when cotters 
are driven through straps, which in the absence 
of other security would be forced outwards by 
the driving of the cotter. 

Common methods of fitting are shown in 
Figs. 39 to 41. Fig. 39 is a cotter bevelled on 
one edge only and having a single gib. Fig. 40 
is a doubly bevelled cotter with two gibs, and 

28—(5462) 
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Fig. 41 has no gib, but instead two bolts to 
confine the strap. In each case, a set-screw 
prevents slackening back of the cotter. 

For fitting these types, in which the driving 
of the cotter pulls the parts together, because 


Fic. 40. COTTER WITH Two GIBS 


of the clearances allowed, everything is pre- 
pared first by the machinists, to be corrected 
subsequently with the file for exact and mutual 


Fic. 41. COTTER WITH STRAP BOLTS 
SUBSTITUTED FOR GIBS 


fitting. The parts are: the stub end of the rod, 
the bent strap, the brasses, the cotter and the 
gib, all in mutual contact. The driving in of 
the cotter pushes the brasses up against the end 
of the stub, through the pull exerted on the 
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strap. To permit of this the gib farthest from 
the brasses is thrust against slots in the strap. 
If there is a second gib, as in Fig. 40, it has 
clearance in the strap. In Fig. 41, two bolts are 
substituted for the gib. 

Before any of these parts are machined, their 
outlines are marked either by lining out, or 


Fic. 42. A Stup BOLT IN 
SoLID METAL 


more frequently from a templet. After the 
outside faces have been tooled, the slot holes 
that receive the cotter and gibs are marked out 
on the strap. These are cut through on a 
machine with a slot drill. If the fitter has to 
do this work at the bench, he drills a series of 


A STUD BOLT THROUGH 
A FLANGE 


Fic. 43. 


holes adjacent to each other, slightly less in 
diameter than the width of the slot, and reduces 
and finishes the interior faces with coarse and 
smooth flat files. Next, the brasses, corrected 
if necessary, are slid into their places in the 
strap, the stub end of the rod is brought up 
against them, and the slot to be cut in the stub 
end is scribed through, from those in the strap. 
The ends of the slot do not terminate as marked, 
but are shifted along away from the end by a 
distance equal to the allowance desired for 
tightening and adjustments, say, from in. to 
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łin. Itis then cut through in the same manner — 
as those in the strap were. 
Screw Fastenings. A vast amount of research 
has been directed to the determination of the 
best forms of screw threads, to their measure- 
ment, gauging, and correction. Of the numer- 
ous systems that have been proposed, about 
half a dozen are in common use The measure- 
ment of threads with a microscope, or with a 
mirror do not concern the fitter. He has his © 
taps and dies provided for a definite system of 
threads, and the only matters that have interest — 
for him are the outside diameters—that at the 
crest of the thread, and the root or core diameter. 
Actual contact at these locations between 
screws and their nuts, or their tapped holes is not 
necessary, but only that down the slopes of the 
threads, which is provided for in the standard © 
screwing tackle. The fitter rarely has to make 
his own bolts or screws, since they are supplied 
from stock, and in highly repetitive work, few 
holes are left to him to be tapped, since this is 
done on machines. But in general manufac- 
ture the case is different. Holes have to be 


Fic. 44. THE COMMON 


Fic. 45. BOLT WITH . 
Bott UNITING FLANGES 


CIRCULAR HEAD 
PREVENTED FROM 
TURNING BY 
MEANS OF A NIB 


tapped, and frequently screws and bolts require 
slight corrections with the dies, 

Tapping Sizes. Sets of drills are reserved for 
making the holes that have to be tapped. They 
are therefore, of fractional dimensions. And 
these should not be of the same size for threads 
cut in different materials. In wrought iron and 
mild steel they may give the full depth of 
thread, leaving the edges sharp. In cast iron a 
hole to be tapped should be slightly larger than 
the core diameter, to avoid crumbling of the 
edges. The threads cut on commercial screws 


nd bolts cannot be depended on for uniformity 
They vary with the care that 
A machine 


of dimensions. 
as been taken in their production. 


Fic, 46. A CoLLAR Bott 


die squeezes as well as cuts, and a thread cut 
with a single traverse only instead of two is 
likely to come out over size, and it certainly 
will be so if the dies have become dull. The 
corrections of the fitter are therefore necessary. 

Studs and Bolts. The stud (Fig. 42) is used 
for the attachment of cylinder covers. It 
differs from the bolt in having no head. but a 
loose nut only. Generally it fits in a blank 
hole where the metal has considerable sub- 
stance, but it may pass through a flange (Fig. 43) 
with a thoroughfare hole. The stud, once 
inserted, remains a permanent fitting. The 
holes drilled in the cover fit over the smooth 
body of the stud, and the nut and washer secure 
it. The studs, having no heads to be embraced 
with a spanner, are inserted with a stud block. 
It is a square block of steel, to be embraced with 
a spanner, and having a hole screwed to the 
same thread as that of the stud for which it is 
used. It has a set-screw which, being brought 
down to bear on the end of the stud, prevents 
the square block from turning upon the stud, 
when by the action of the spanner, the stud is 
turned into its tapped hole. The set-screw, an 
example of which is seen in Fig. 39, is not used 
for severe duty, or in cases where it would be 
liable to become loosened by vibration. It is 
made with heads square or hexagonal, or circu- 
lar, with slots for a screwdriver. 

The common bolt, Fig. 44, is that in most 
frequent use. It unites flanged portions, differ- 
ing in proportions and in its details with the 
forms of flanges. The head is solid with the 
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body, which is smooth to make close contact 
with the holes in both flanges, and threaded 
through the length to be occupied by the nut. 


Fic. 48. An Eye Bort 


As it is necessary that the holes shall be in 
alignment, and as this is not practicable when 


Fic. 49. APPLIANCE FOR 
FACING BOSSES 


holes are left as drilled, they are drilled slightly 
below size and reamed through with the parts 
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in place. If this is not done at the drilling 
machine the fitter must use a hand-reamer. 
When bolts have cylindrical bodies, as is usual, 
it is necessary to hold the head with one spanner 
while another turns the nut. In some special 
cases, as connecting rod fittings, circular heads 
are used, and the bolt is prevented from 
turning with a nib (Fig. 45), let into one 
side under the head, and entering a slot in the 
metal. 

Bolts are modified in shapes in many ways 
to suit novel conditions. In a good many 
instances, it is undesirable or impossible to 
remove a bolt bodily when a portion of a 
mechanism has to be -detached temporarily. 
Then the collar bolt (Fig. 46) is useful—the 
collar is often made square to prevent turning 
of the bolt when the nut is being tightened. 
Sometimes the collar is conical, countersunk 
into the metal and flush with the surface. 
Another variation is the pillar bolt, Fig. 47, 
used largely for glands—it is screwed like a 
stud into the metal of the stuffing box and 
the nut screws down the gland flange. The eye 
or hinged bolt (Fig. 48) is employed when large 
glands, flanges, or rings require to be discon- 
nected and replaced rapidly without removing 
the bolts. The eye of the bolt swings on a stud 
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tapped or driven into a lug, and enters a slot 
hole in the edge of the part to be attached. 
This form has become very popular in fixture 
mountings for economizing time in setting up. 
There are many other forms of bolts differing 
in their applications, but these are the ones 
chiefly handled by the fitter. 

To tighten nuts equally, they must take a 
bearing against a level face at exact right angles 
with the bolt holes. The fitter often has to 
make corrections here, either because flanges or 
boss facings have been left as rough cast, or 
because they have not been machined accurately. 
The appliance shown in Fig. 49 is one of several 
forms used for facing bosses truly. It consists 
of a stem slotted at the lower end to receive 
a facing cutter, secured with a wedge. The 
upper part is threaded, and has a slot into 
which a nib in the bore of the washer fits. The 
upper part is squared to receive a spanner, the 
turning-of which rotates the cutter and faces 
the boss. The feed is put on by turning the 
nut which pulls the cutter upwards. To 
accommodate the tool to different thicknesses 
of work, bushes are inserted, one being shown. 
In the final fitting of all screws and bolts, 
particles of grit must be wiped off, and a thin 
film of oil applied to all parts. 
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LESSON IV 
DRAWINGS 


In connection with the Patent Acts, there has 
been drawn up a number of statutory rules for 
guidance in the administration of the Acts. The 
rules as far as they deal with drawings are almost 
self-explanatory. Rule 19 makes it clear that 
no drawing or sketch such as would require the 
preparation of a special illustration for the 
printer may appear in the specification itself, 
but such drawings should accompany the 
specification, that is, should be drawn on a 
separate sheet or sheets. It is as well to explain 
that, at the final stage when a specification has 
been accepted, it is printed and the drawings 
are reproduced by a photo-lithographic process 


on a reduced scale, hence the necessity for cer- 
tain of the requirements of these rules. The 
other pertinent rules, Rules 20 to 25, are set 
out below— 


20. Drawings must be made on pure white, hot- 
pressed rolled, or calendered strong paper of smooth 
surface, good quality, and medium thickness, without 
washes or colours, in such a way as to admit of being 
clearly reproduced on a reduced scale by photography. 
Mounted drawings may not be used. 

21. Drawings must be on sheets which measure 
13 in. from top to bottom, and are either from 8 to 


8}in. or from 16 to 16}in. wide, the narrower sheets — 


being preferable. A clear margin must be left half an 
inch from the edges of the sheet. 

If there are more figures than can be shown on one 
of the smaller sized sheets, two or more of these sheets 
should be used in preference to employing the larger 
size. When an exceptionally large figure is required, it 
should be continued on subsequent sheets. There is 


no limit to the number of sheets that may be sent in, 
but no more sheets should be employed than are 
necessary. The figures should be numbered consecu- 
tively throughout and without regard to the number of 
sheets. They should be separated by a sufficient space 


to keep them distinct. 


22. Drawings must be prepared in accordance with 
the following requirements— 

(a) They must be executed with absolutely black 
ink. 

(b) Each line must be firmly and evenly drawn, 


' sharply defined, and of the same strength throughout. 


(c) Section lines, lines for effect, and shading lines 
should be as few as possible, and must not be closely 
drawn. 

(d) Shading lines must not contrast too much in 
thickness with the general lines of the drawing. 

(e) Sections and shading should not be represented 
by solid black or washes. 

(f) They should be on a scale sufficiently large to 


show the invention clearly, and only so much of the 


apparatus, machine, etc., should appear as effects this 
purpose. If the scale is given, it should be drawn, and 
not denoted by words. No dimensions should be 
marked on the drawings. 

(g) The figures should be drawn in an upright posi- 
tion in regard to the top and bottom of the sheet. 

(h) Reference letters and numerals, and index letters 
and numerals used in conjunction therewith, must be 
bold, distinct, and not less than }in. in height. The 
same letters or numerals should be used in different 
views of the same parts. Where the reference letters 
or numerals are shown outside the figure, they must be 
connected with the parts referred to by fine lines. 

23, Drawings must bear the name of the applicant 
in the left-hand top corner; the number of sheets of 
drawings sent, and the consecutive number of each 
sheet, in the right-hand top corner ; and the signature 
of the applicant or his agent in the right-hand bottom 
corner. Neither the title of the invention nor any 
descriptive matter shall appear on the drawings. 

24, A facsimile or “ true copy ” of the original draw- 
ings shall be filed at the same time as the original draw- 
ings, prepared strictly in accordance with the above 
tules, except that the reference letters or numerals 
and leading lines thereto should be in blacklead pencil. 
In the case of a hand-made drawing, this copy may be 
on tracing cloth. 

The words “ original ” or “ true-copy ” must in each 
case be marked at the right-hand top corner, under the 
numbering of the sheet. 

25. Drawings must be delivered at the office free 
from folds, breaks, or creases which would render them 
unsuitable for reproduction by photography. 


The reference in Rule 23 to the numbering of 
the sheets is sometimes misunderstood. Sup- 
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posing three sheets of drawings are being used, 
then the sheets will be marked: Three Sheets, 
Sheet 1; Three Sheets, Sheet 2; and Three 
Sheets, Sheet 3 respectively. 

The requirement of Rule 21 that figures 
should be numbered consecutively is complied 
with as follows: If with three sheets of drawings 
there are two figures on Sheet I, three figures on 
Sheet 2, and two figures on Sheet 3, then the 
numbering should be Figure 1 and Figure 2 on 
Sheet 1, Figure 3, Figure 4, and Figure 5 on 
Sheet 2, and Figure 6 and Figure 7 on Sheet 3. 
In economizing space, no objection is made to 
the putting of a small figure among larger 
figures slightly out of the order of numbering. 

When drawings accompany. a provisional or 
complete specification, the specification should 
contain a reference to them in the identifying 
form. “ In the accompanying drawings, etc.,”’ 
and if drawings already supplied with a pro- 
visional specification are used also for the com- 
plete specification, the form is “ In the drawings 
accompanying my provisional specification, etc.” 

When drawings are filed with the complete 
specification, a provisional specification having 
previously been lodged and the official number 
allotted to the application is therefore known, 
this number and the year should be inserted 
in the top left-hand corner of each sheet of 
drawings, next to or beneath the name of the 
applicant. 

Preparation of the drawings only means 
following the usual drawing office practice, but 
in case the true-to-scale development now in 
vogue is not familiar to every one, it may be 
stated that there are occasions when it pays 
to make a drawing—without the reference 
letters or numerals—and have several copies 
made by one of the true-to-scale photo-copying 
processes, when the references can be inserted 
in indian ink on the sheets that are to form 
the “Original” drawings, and in pencil on 
the duplicate sheets that are to form the 
“True Copy ” drawings. Other copies can be 
marked up for reference, or for other uses as 
circumstances dictate. 
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LESSON V 


METHODS OF PRODUCING 
AN E.M.F. 


Aw electromotive force may be produced by 
either of the three following methods— 

1. By chemical action, 

2. Through the agency of heat, 

3. Magnetically. 


I. CHEMICAL METHOD 


The production of an E.M.F. may be effected 
by chemical action, either by means of a primary 
cell or a secondary cell—the latter is commonly 
referred to as an accumulator. A primary cel] 
when exhausted is 
useless, whereas an 
accumulator can be 
recharged by passing 
current through it in 
the opposite direction. 

(a) Primary Cells. In 
a primary cell, electri- 
_ cal energy is liberated 
as the result of chem- 

; ical combustion or 

Ste Si combination. The 

Ke AG Italian, Count Alessan- 

SımPLE Vorrarc Cert dro Volta, was the first 
to discover this method 

of producing an electromotive force, and 
in the simple voltaic cell, shown in Fig. 16, 
two metal plates, one of zinc and the other of 
copper, are immersed in a weak solution of 
sulphuric acid. The E.M.F. produced is pro- 
portional to the difference in heat values of the 
metals used, and in the case of the simple 
voltaic cell is 1-03 volts. If the two plates are 
connected together a current will flow, starting 
from the zinc, which has the higher heat value, 
passing through the solution to the copper, and 
completing the circuit externally from copper 
to zinc. The copper plate is called the positive 
pole, and the zinc plate the negative pole of the 
cell, because the current flows externally from 
copper to zinc. The zinc plate, however, is 
termed the positive element of the cell for the 
reason that it has the higher heat value, and is 
the “ fuel ” of the cell. The terms positive pole 


- + 


and positive element should not be confused. 
The positive pole definitely relates to the metal 
plate from which the current leaves the cell. | 

During the whole time current is flowing, | 


Glass Jar 
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FIG. 17. LECLANCHÉ CELL 


chemical action is taking place as represented 
by the equation— 


Zn + H,SO, Zm SO 


This shows that hydrogen is liberated, as a 
result of the sulphuric acid being gradually con- 
verted to zinc-sulphate, and, in consequence, the 
zinc is slowly consumed. The rate of consump- 
tion for a given current will depend upon the 


GN ZKA 
KKK SO 
Platinum Wire 


Fic. 18 
STANDARD CLARK CELL 


electro-chemical equivalent of the material con- 
sumed. The hydrogen gas, although generated 
at the zinc plate, is actually liberated at the - 
copper plate. The hydrogen gas bubbles cling 
to the copper plate and, in so doing, reduce its 
effective area, so that the E.M.F. of the cell is 
reduced. This accumulation of hydrogen gas 
bubbles on the positive pole of the cell is known 
as polarization. 


Without some means of preventing polariza- 
tion, the voltage of a primary cell is only main- 
tained for quite a short period when current is 
flowing, and various methods are adopted for 
preventing the hydrogen gas bubbles settling on 
the positive pole of the cell. In the following 
table, the depolarizers are given for the best 
known primary cells— 


E.M.F.| Positive | Negat: : : 
| Type of Cell | Volts Pole SS Se Solution Depolarizer 
Daniell 1-07 | Copper | Zinc Dilute solu-| Saturated 
tion H,SO, | CuSO, 
in porous 
pot sur- 
rounding 
zinc plate 
= Bichromate zı | Carbon | Zinc HSO, and | Bichromate 
Bichromate | of Potash in 
of Potash solution 
(K_Cr50,) 
Lerlanché r4 | Carbon | Zinc Sal-ammo- | Black oxide 
(See Fig. 17) niac of mangan- 
(NH,C) ese and car- 
bon in por- 
ous pot sur- 
rounding 
carbon plate 
Clark 1-43 | Mercury | Zinc Zinc Sul- Mercurous 
(Standard) phate Sulphate 
(See Fig. 18) (Zn.SO4) 


The present day so-called dry cells are really 
modifications of the Leclanché cell. 

(c) Secondary Cells. Secondary cells or accu- 
mulators are used extensively— 

1. For country house lighting plants. 

2. On motor vehicles for lighting, ignition, and 
starting purposes. 

3. For electric-driven vehicles. 

4. For train lighting. 

5. For submarines. 

6. For telegraph and telephone work. 

‘Fig. 19 illustrates a lead plate accumulator 
of the house lighting pattern manufactured by 
the Chloride Electrical Company. 

In any accumulator, there are three working 
elements, viz., positive plate, negative plate, 
and the electrolyte. The plates generally con- 
sist of cast lead grids filled with suitable pastes, 
and the electrolyte is dilute sulphuric acid. 
The construction of a positive grid plate, as 
used in the accumulator shown in Fig. 19, is 
illustrated in Fig. 20. Well-designed grid 
_ plates afford intimate contact between the grid 
and the active material, together with a maxi- 
mum working surface for the active material. 
Special consideration is also given to the keying 
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of the active material in the grids to prevent 
disintegration during operation. The positive 
paste in its finished form is lead peroxide 
(PbO,), whilst the negative material in its 
ultimate form, is pure spongy lead (Pb). 

The chemical action taking place in an 
accumulator is a reversible one, and is expressed 
by the following equation— 


Positive Plate Electrolyte Negative Plate 


PbO, + 2H,sO, + Pb= 
Plates Electrolyte 
2PbSO, + 2H,O 


In the process of discharging, the active lead 
peroxide (PbO,) in the positive plate, and the 


Fic. 19. Leap PLATE ACCUMULATOR 


lead (Pb) in the negative plate, are converted 
to lead sulphate (PbSO,), thereby liberating 
water (H,O). As the discharging proceeds, the 
specific gravity of the electrolyte falls. - By 
passing a current through the accumulator, in 
a direction opposite to that on discharge, the 
active materials and the electrolyte are restored 
to their initial condition and, in consequence, 
the specific gravity is raised. Generally, the 
specific gravity of the acid in a fully charged 
accumulator will be 1-22 to 1:26, depending upon 
the available space for the electrolyte. On dis- 
charge, the specific gravity should not be allowed 
to fall below 1-185. y 
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The open circuit E.M.F. of a lead accumula- 
tor, immediately after a complete charge, is 
about 2-1 volts per cell, and falls to 2-0 volts or 
a little less, as soon as discharge commences. 
The E.M.F. should never be allowed to fall 
below 1-8 volts per cell. 

The indications of a completely charged 
accumulator are— 

I. The specific gravity and voltage cease to 
rise. 

2. The gassing of the electrolyte increases 
materially. 

3. The positive plates become dark brown in 
colour and the negative plates a light grey. 


Fic. 20. POSITIVE PLATE oF CHLORIDE 
ACCUMULATOR 


The capacity of an accumulator will vary with 
the rate of discharge, and generally speaking, we 
may say that the lower the rate of discharge the 
greater is the capacity. It is usual to express 
the capacity in terms of ampere-hours discharge, 
on the assumption that the discharge is extended 
over a given period, say, 10 or 20 hours. The 
charging rate of an accumulator may generally 
be taken as one-tenth of its specified ampere- 
hour capacity. The ampere-hour efficiency will 
depend upon the rate of discharge, and for 
ordinary service, rarely exceeds go per cent, 
whilst the watt-hour efficiency is of the order of 
70 per cent. 
` For the large stationary type of accumulator, 
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glass containers are used, but for portable and — 
automobile batteries, it is now almost universal 
practice to use containers of moulded insulating — 
material. Such containers are very strong and 
form simple box units into which the plates can - 
be securely fixed. Hitherto, celluloid containers 
were largely employed, and for automobile work it 
was necessary to provide an additional wooden 
box, to prevent the battery being damaged 
by road vibration. 

In more recent years, a new type of accumu- 
lator known as the Edison or Nickel Plate 
accumulator has been developed. The positive 
and negative plates are made of light nickel- 
plated steel frames, in which there are rectangu- 
lar holes, fitted with perforated steel receptacles 
to contain the active material. In the positive 
plate, the active material is nickel oxide mixed ~ 
with flake graphite, whilst a mixture of iron 
oxide and graphite is used in the negative plate. 
The plates are immersed in a 20 per cent solu- 
tion of caustic potash, and the separators are 
made of vulcanized rubber. 

Chemical action, during charge, converts the 
nickel oxide on the positive plate to nickel 
peroxide, and the iron oxide on the negative 
plate to pure iron. As in the case of the lead 
accumulator, the chemical action is reversed on 
discharge. The E.M.F. per cell is lower than 
for the lead accumulator, being 1-33 volts. Thus, 
for the same voltage, 50 per cent more Edison 
cells would be required than in the case of a 
lead accumulator. 


2. HEATING METHOD 


The discovery that an E.M.F. could be pro- 
duced through the agency of heat was made 
by Seebeck in 1822, when he 
found that by heating the junction 
of two dissimilar metals (see Fig. 
21) a small E.M.F. was produced. 

If a junction of antimony and 
bismuth is heated, an E.M.F. of 4 
just over ;4, volt is produced 
for every 100° C. rise in tempera- 
ture of the junction above the 
temperature of the rest of the 
circuit. Such a combination is 
called a Thermo-couple. The 
voltage can, of course, be increased 
by connecting a number of junc- 
tions in series, and such an arrangement is 
known as a thermopile. 

Whilst this method is of no practical value 
purely for generating electricity, it does find a 


FIG. 21. 
SEEBECK 
EFFECT 


very useful application in the measurement of 
very high temperatures. In fact, one can say 
that it is one of the most important methods 
of temperature measurement. Thermo-couples 
of platinum-platinum iridium (10 per cent Ir.) 
and platinum-platinum rhodium (ro per cent 
Rh.) have been successfully employed for the 
measurement of temperatures up to 1,400° C. 
Fig. 22 illustrates a platinum-platinum iridium 
thermo-couple as used for furnace work. The 
thermo-couple is fixed in the end of a porcelain 
or quartz tube of considerable length, built into 
the side of the furnace, and two leads are taken 
from the terminals of the couple or junction, to 
a sensitive voltmeter, situated at any convenient 
distance from the furnace. The E.M.F. in- 
creases with the temperature, and it is simply 
a matter of calibration to arrange for the instru- 
ment to read directly in degrees centigrade 
instead of in volts. 

For temperatures up to 1,000° C., thermo- 
couples, such as iron-constantan, silver-con- 
stantan, and copper-constantan, are frequently 
employed on account of the low cost. 


ELECTRO-TECHNICS FOR MECHANICAL STUDENTS 


433 
3. MAGNETIC METHOD 
This method was first discovered by Faraday 


in 1831, and all generating machines in use at 


} Leads fro Sersitive 


Trermo-Couple 


Fic. 22. THERMO-COUPLE ADAPTED FOR 
MEASURING HIGH TEMPERATURES 


the present time, have been designed on this 
principle. We shall, therefore, deal very fully 
with this method in a subsequent lesson. 
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LESSON VI 
SPIRAL GEARING 


Tue design of spiral gearing is always regarded 
as a difficult subject, but if properly approached 
this need not be the case. All spiral gear 
problems can be dealt with by a single set of 
general formulae, and any attempt to subdivide 
< the subject into special cases defeats its own 
object. 

The Use of Spiral Gears. It has already been 
explained that spiral gears are properly classi- 
fied with cylindrical gears, and in the case of a 
pair of spiral gears each may be regarded as 
meshing with one side of the surface of a 


Fic. 33 


hypothetical rack. Each spiral gear makes con- 
tact with the rack along a line, but this line 
occupies a different position for each of the 
gears. The actual contact between the two 
spiral gears thus occurs at a theoretical point, 
which actually becomes a “ spot ”’ owing to the 
compression of the surfaces. It will thus be 
obvious that spiral gears are not suitable for 
carrying heavy loads, and find their chief 
application in lightly loaded or infrequently 
operated mechanisms. If the load is light and 
the speed high a steel-bronze combination is 
satisfactory, but if the load is at all appreciable, 
case-hardened steel gears should be used. Soft 
steel spiral gears are not in general to be recom- 
mended owing to the tendency to rapid abrasion. 

Generation of Spiral Gears. Apart from the 
rotary-cutter method, two processes are chiefly 


employed in the generation of spiral gears, 


namely, the hobbing process and the rack- 
shaping process. These methods have been 
described under the heading “ The Generation 
of Spur Gears,” the only modification being in 
the adjustment of the inclination and differ- 
ential motion of the hob in the one case and the 
direction of reciprocation of the rack-cutter in 
the other. 

Use of Normal Pitch. Since the cutting edges 
are set at right angles to the direction of the 
spiral tooth in both the above-named generating 
processes, it is necessary to design spiral gears 
on a basis of normal pitch in order to utilize 
standard cutters. Moreover, in the case of 
spiral gears, it is only in the direction of the 
normal to the tooth spiral that the pitch is the 
same for each of a pair of gears. 


DETAIL DESIGN 


Notation. The DBS Standard Notation is 
particularly convenient, since the corresponding 
dimension for every type of gear is represented 
by the same symbol. If the notation for spur 
gears be memorized, therefore, it is-only neces- 
sary to make the following additions to cover the 
case of spiral gearing— 


P,, = normal diametral pitch 
Wn = normal pressure angle 
= spiral angle of pinion 
= spiral angle of wheel 
& = shaft angle 
d, = equivalent diameter of pinion 
D, = equivalent diameter of wheel 


D 
Q = diameter ratio= 7. 


Shaft and Spiral Angles. The spiral angle of 


a gear is the angle between the centre line of a 


tooth and the axis of the gear, and may be either 
right or left hand. It is very desirable to adopt 
the convention of terming a right-hand spiral 
positive and a left-hand spiral negative. When 
the spiral angles are added algebraically (ie. 
with due regard to the signs + and —) the sum 
is then equal to the “ shaft angle.” 

In Fig. 33 the shafts AA! and BB! have a 
common perpendicular at the point O. The 


haft angle may then be either the angle AOB 
r the angle AOB!, which are supplementary 
to each other, and the value to be used depends 
upon the directions of rotation. A zero shaft 
‘angle occurs when the shafts are- parallel and 
rotate in opposite directions (as in the case of 
spur gears), and if the gears have helical teeth 
the respective spiral angles are of the same 
“magnitude but opposite sign. Their sum is 
‘thus zero, which is equal to the shaft angle. 
For any other shaft arrangement, find the angle 
through which the more distant shaft (AA? in 
Fig. 33) must be rotated about the common 
perpendicular (0) in order to bring the shafts 
parallel while rotating in opposite directions. 
In the case shown the shaft angle is thus the 
angle AOB}, which is anti-clockwise and, by 
convention, negative; therefore either the 
spiral angles will both be left hand and the 
numerical sum will equal the shaft angle, or 
the greater angle will be left hand and the 
numerical difference will be equal to the shaft 
angle. 

If the shaft angle is a right angle, both spiral 
angles will be of the same hand as the shaft 
angle. 

Equivalent Diameters. The equivalent dia- 
meter of a spiral gear is the diameter of a 
straight spur gear of the same (normal) pitch 
and number of teeth. The conception is use- 
ful in design because, not only is the tooth load 
on the spiral gear the same as on the equivalent 
spur gear, but the equivalent diameter also 
enters into calculations and graphical construc- 
tions for detail design. 


GENERAL FORMULAE 


The relation between the shaft and spiral 
angles already given can be written _ 


È = 0p + ow 


The equivalent diameters are determined by 
the relations 


The circular pitch of a spiral gear is always 
greater than the normal, as is easily seen by 
developing the pitch surface (see Fig. 34). The 
relation between them is 


circular pitch I 


normal pitch ~ cos ø 
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so that the effect of increasing the spiral angle 
for a given equivalent diameter is to increase the 


pitch diameter in proportion to We 


cos o` 


thus have 
equivalent diameter 


cos spiral angle 


pitch diameter = 


D, 
and D = 
cos Ow 


: de 
1e: d = 
COS Op 


The centre distance between the shafts is half 
the sum of the pitch diameters 


d+D de 
2 2 costo, 


d, it R 
TZ aoso; er A 


This is the general equation which must always 
be satisfied. It can be solved only by trial and 


D, 
2 COSO w 


ie. C = 


Circular 
REE 


Fic. 34. DEVELOPMENT OF PITCH SURFACE 
OF A SPIRAL GEAR 


error if C is required to be exact and o, and 
6, are to be found ; but if there is any latitude 
in the value of C the spiral angles can be 
assumed and C calculated directly. 

The diameter ratio Q may, in some instances, 
be approximately fixed by other considerations, 
and from it the spiral angles may be deduced, 
given the gear ratio R. 

D, 


D D cos 
Tou OE ane 7 a ae 
ip SO» 


cos Ow cos (X — a,) 
WE E0510, WL COS Gi, 
= cos X + sin X tan oy. 
R I 


whence tan op = Osin = ~ ea 


R 
HUS a tan Op = 0 and tan ow = £ 


The Efficiency of Spiral Gears. Spiral gears 
will not give the efficiency of spur gears, but 
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if well designed, and the shaft angle is not 
excessive, a reasonably high efficiency can be 
obtained, 

Putting 7 for the efficiency and ¢ for the 
angle of friction (tan ¢ = coefficient of fric- 
tion) the expression for efficiency is— 


COS Op . COS (ow + $) 
1 osom . COs (oy —¢) 


The efficiency is a maximum when the spiral 
angles are approximately equal, i.e. when 
R 


End-thrusts. The direction of end-thrust 
on a spiral gear is more important than its 
magnitude, since the tooth loading is neces- 
sarily small and only a light thrust bearing is 


required, provided that it acts in the correct 
direction. The direction of the end-thrust can 
generally be determined by inspection, but the 
following check-rule may be used. 

If the gear be viewed in the direction of its 
axis and— 

(a) A driver be called positive and a driven 
gear negative. 

(b) Clockwise rotation be called positive and 
counter clockwise rotation negative. 

(c) A right-hand spiral be called positive. 

(d) A thrust on the gear away from the 
observer be called positive ; then 

Sign of thrust = (sign of gear) x (sign of 
rotation) x (sign of spiral). 

EXAMPLE. In order to illustrate the applica- 
tion of the general formulae (which apply to 
every case, without exception) a comprehensive 
example will be worked through. 

Two shafts, 6in. apart, are located in the 
manner, and have the directions of rotation, 
shown in Fig. 35, and are required to be 
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connected by spiral gears giving a reduction of — 


4:1, the driven gear to be approximately 
twice the diameter of the driver. 
gears. 

First the shaft angle must be determined. 
Looking along the common perpendicular O, it 
will be seen that the more distant shaft BB must 


Design the | 


be rotated in a clockwise direction to bring the — 


shafts parallel whilst rotating in opposite direc- — 


tions; i.e. the shaft angle is + 60°. The 


approximate spiral angle of the pinion may next — 


be found. Substituting in the formula— 


R T 
a as Osmo ~ tand 

4 it 
tan 0p — 3 cin, 60* a ee 
i hy == HO) 


Hence o, = 60° and ow = 60° — 60° = QO, ie. 


the driven gear will be a spur gear. The pitch 
diameters will be 
1 2C 2X 6 : 
=O 2m gao 
PREC AO ATC SOP f 
Dia a a =O m. 


Since ow = 0, D = D, and we may therefore 
select a standard pitch and number of teeth 
from 
T 
ie 

This relation is satisfied by making T = 32 
and P = 4, i.e. the driven gear has 32 teeth, 
4 normal diametral pitch. The driver will then 
have 8 teeth and 

J t 8 p 
= P coso, I 400s. 60°. = te 

These gears work out exactly, which is unusual. 
If the gears were required to have the maxi- 
mum efficiency, it would be necessary for o, 
and gw to be approximately equal (when both 
would be in the neighbourhood of 30°). 

From the general equation 


D= 


C det Ts RA 
i 2 i cosios i COS OW 
we can determine d,; thus 
a, I 4 
ray E 30° + cos ri 


whence d, = 2:076 in. 
t 


From d= ee 2:070, the same combination 


E a 


f teeth and pitch, viz., £ = 8, P = 4, might be 
ased. In this case C must first be calculated 
(using-the assumed spiral angles) from 


d, De 
C= 2 cos Ge + 2. cos ow 
2 8 : 
= cosgo”.” 2.00s30° 77 


If C must be exactly 6 in. new values of o, and 
o,, must be tried. 
Assuming op = 25° and ow = 35° 
2 
k ~~ 2. COS 25° 


= 1103 + 4:88 


2 COS 35° 
| = 5-083. 
The exact value can be obtained by a further 
trial slightly increasing the value of op. 

This example serves to show how two solu- 
tions can be obtained for the same numbers of 
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teeth and normal pitch ; but it should be noted 
that the second design is bad from the point of 
view of tooth design, for severe undercutting 
would occur with such a low spiral angle, and 
a larger number of teeth should be used. 

Tooth Proportions and Blank Diameters. The 
addendum and dedendum are based on the 
normal pitch to the same proportions as spur 
gears, and root and overall diameters should be 
obtained from 


Limiting Width of Face. Spiral gears are 


commonly made with excessive width of face. 
This dimension need not exceed the value 


f= 2a( 


sin o 


o) 


tan Yp 


By ARTHUR P. 


LESSON IV 
UNIFORM GENERAL CONDITIONS 


Tue last chapter described the national efforts 
which have been made to standardize specifica- 
tions, and so secure uniform quality and conse- 
quently cheaper and better materials. It will 
be well now to mention the struggle which was 
made to secure uniform general conditions for 
engineering contracts. The custom which grew 
up in the conduct of the great engineering 
works—more particularly railway and similar 
undertakings—in the nineteenth century re- 
sulted in the concentration of all real authority 
in the consulting engineer or his representative. 
This was natural, for the work was often of a 
highly technical character and was carried out 
at long distances from the home base. The 
consulting engineer was a man of wide experi- 
ence, and he was responsible for the successful 
completion of the work. His ability, experi- 
ence, and personal character lent weight to his 
authority, and many contracting firms were 
‘quite content that he should be the final arbiter 
of the suitability of any material or of the way 
in which work was carried out. In building 
work carried out on the old lines, the ability, 
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Hastam, M.L.E.E. 


character, and prestige of the architect to a 
certain extent justified his acting in the same 
capacity as final arbitrator in any dispute. 

When, about thirty years ago, the construc- 
tion of central electricity supply stations and 
the need for specifying the machinery to fill 
them created a new class of consulting engineer, 
they followed precedent by stipulating in the 
general conditions which formed part of every 
contract that they too should be the final 
arbitrator in any dispute which arose as to the 
interpretation of the specification, or the mode of 
carrying out any work connected with it. 

It often happened that in the case of the 
supply of a comparatively small generating set, 
or it may have been the controlling switchgear 
for a small station, the study of the implica- 
tions of the general conditions formed an 
important factor in fixing the price. 

The result of this practice was that contractors 
for the supply of machinery found themselves 
involved in very serious risks, and that these 
risks were increased by the fact that they were 
to be judged finally by an interested party. 
The consulting engineer was, for the time being, 
the representative of the purchaser as well as 
the compiler of the specification, and to make 
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this gentleman sole arbiter in the case of a dis- 
pute in which he was one of the interested 
parties was not just. 

Much ink was used in efforts to make it 
standard practice that the final arbiter in an 
engineering dispute should be someone entirely 
independent of any interest in the judgment, 
and the writer well remembers the specifications 
it was at that time his duty to peruse. They 
formed an interesting study of the characters 
of the compilers. Finally, the battle was won, 
and it is now general practice to provide in 
any engineering specification that, in case of a 
dispute, the arbitrator shall be an entirely dis- 
interested person. It is now a very usual thing 
to insert in the general conditions of an engin- 
eering contract a clause, stipulating that in cases 
of a dispute both parties agree to be bound by 
the decision of an arbitrator to be appointed by 
the president of one of the great engineering 
institutions. 

When a contract is for the supply of materials 
only, there is little or no necessity to treat it as 
other than an ordinary commercial transaction. 
The material must have certain properties, and 
either in bulk or in selected samples must pass 
certain tests, deliveries must be made in speci- 
fied places by definite dates, and payments are 
made at dates agreed on. 

It is when the contract is for machinery to be 
erected and passed over in running order, or 
where it is of a more complex nature, including 
complete buildings, waterworks, gasworks, 
bridges, or ships, that the need for more com- 
plete general conditions arises. 

After the provision for independent arbitra- 
tion in case of disputes, the clauses relating to 
the test of the plant are veryimportant. In the 
case of many machines, especially when they 
are generating units for electric power supply, 
there is a bonus or penalty attached to the 
results of the final tests. This may depend on 
the steam consumption per horse-power hour or 
per kilowatt hour when working under specified 
conditions. Such a test may mean a six hours 
full-load run, and runs for various periods at 
lighter loads. Tests of this character are not 
easy to carry out, and if the units are of large 
size and the sums involved in the results are 
considerable, the conditions of the test should be 
clearly stated, and efforts made to provide the 
specified conditions as closely as possible. If, 
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for any reason, the final test of a machine has 
to be deferred, but it is put into beneficial use, 
any period of maintenance on the part of the 
contractor should date from this time. Pay- 


ments should also date from the time the plant - 


is first put into beneficial use, and not be held 
back pending the final official tests. If the 
plant is earning money for the purchaser, only 
comparatively small adjustment in the purchase 
money should depend on the final tests. 

It should also be clearly understood that if the 
plant is earning money for the purchaser, the 
absence of some small item which does not 
interfere with the plant working satisfactorily 
must not prolong the period of maintenance, 
during which the contractor is responsible for 
the working of the plant. The fact of putting 
the machine into beneficial use must be deemed 
to involve its general acceptance. 

Another important point should find clear 
expression in the general conditions. This is 
that in the case of an accident to the plant after 
it has been placed in beneficial use, but during 
the period of maintenance, the liability of the 
contractor is limited to the repair of the plant— 
provided the damage was due to defective work- 
manship or material, and does not include 
any further liability for consequential damages. 

It should be borne in mind that, in the event 
of late delivery, it is only possible to recover 
from the contractor, proved actual loss caused 
by this delay. The old practice of inserting 
definite sums—often of considerable amount— 
for delays did not hold good in law. 

The contractor should, in the clauses relating 
to delivery, be protected from delays due to 
causes outside his control, such as strikes or 
lockouts. When drawings have to be provided 
by the consulting engineer, and work has to be 
carried out in accordance therewith, the con- 
tractor should be protected against mistakes 
occurring in these drawings when handed over 
to him, and in like manner he should be respon- 
sible for the accuracy of drawings handed over 
by him in accordance with the terms of the 
contract. | 

If, from any cause, the consulting engineer’s 
approval of contractor’s drawings is delayed, 
and this delay prejudices the date of the com- 
pletion of the work, a period corresponding to 
this period of delay should be added to the 
specification date of completion of the contract. 


PIONEERS OF ENGINEERING 


439 


“PIONEERS OF ENGINEERING 


By J. F. Corrican, M.Sc., A.I.C. 


LESSON: IX 


THE LOCOMOTIVE A SUCCESS 
RICHARD TREVITHICK (1771-1833) 


Tue locomctive may be said to have been the 


inevitable outcome of the successful design and 


working of Watt’s later engines, but, despite 


this fact, its first practical utilization came at a 
considerably later date than that of the station- 
ary engine. 

Richard Trevithick, a Cornish mining engin- 
eer, born in 1771, in the parish of Illogan, 


carriage,” and, in addition to the actual inven- 
tor, it was coupled with the name of one Andrew 
Vivian, a Cornish worthy, who, it appears, 
had furnished Trevithick with the necessary 
financial resources. 

Trevithick’s first “ steam carriage” was a 
curious affair, as the illustrations on these pages 
will show. It was mounted on three wheels, 
and possessed a horizontal boiler. The cylin- 
der was a horizontal one, and was placed partly 


RICHARD TREVITHICK 


Cornwall, may well be considered to be the 
pioneer of the locomotive. It is true that loco- 
motives had been designed before Trevithick’s 
time, but, at the best, they were crude and 
impracticable affairs, and therefore they never 
met with any real measure of success. 

During his earlier days, Trevithick became an 
assistant to William Murdock, an engineer very 
closely associated with the famous Watt. It 
was about the year 1790 that Trevithick began 
to be interested in the feasibility of construct- 
ing a steam locomotive. He made many trials 
and experiments, and eventually brought out 
his first patent in 1802. The specification dealt 
with the claims of a newly invented “ steam 


TREVITHICK’S STEAM CARRIAGE 


in the’ boiler itself. The inventor made his first 
trial trip in his steam carriage on the Christmas 
Eve of 1801 at the village of Camborne, in 
Cornwall. It was an historic event, and the 
following account of the proceedings has been 
left to us by an eye-witness— 


In the year 1801, upon Christmas Eve, towards 
evening, Captain Dick [Trevithick] got up steam out 
in the highroad, just outside the shop at the Weith. 
When we see’d that Captain Dick was a-going to turn 
on steam, we jumped up, as many as could—maybe 
seven or eight of us. ‘Iwas a stiffish hill going up 
from the Weith up to the Camborne beacon, but she 
went up like a little bird. When she had gone about a 
quarter of a mile, there was a roughish piece of road, 
covered with loose stones. She didn’t go quite so 
fast, and as it was a flood of rain, and we were very 
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squeezed together, I jumped off. She was going faster 
than I could walk, and went on up the hill about a 


THE TRIAL OF TREVITHICK’sS FIRST LOCOMOTIVE 
AT CAMBORNE, CHRISTMAS Eve, I801 


quarter or half a mile farther, when they turned her, 
and came back to the shop. 


In 1803, Trevithick designed another loco- 


TREVITHICK’S LOCOMOTIVE, ‘“‘ CATCH ME Wuo 
CAN,” ON EXHIBITION IN LONDON 


motive, this being, after some modification, 
employed on a railroad in South Wales, where 
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it drew a net load of 10 tons at a speed of about- 


5 miles per hour. 


Probably Trevithick’s most spectacular loco- 


motive was his “ Catch me who Can,” which was 


exhibited in London in 1808. But the most 


successful of all his inventions were his later 
“high pressure ” locomotives. These engines 
possessed single cylinders of 8 in. diameter, 
allowing a stroke of 4 ft. 6in. Rotary motion 


was imparted to the wheels by the then usual | 


TREVITHICK’s LOCOMOTIVE 


method of spur gear, fly-wheel, and long crank- ; 


shaft. Waste steam was turned into the 
chimney. 

Later on, Trevithick, always inclined to the 
adventurous side of life, went to Peru on a 
gold-hunting expedition. The enterprise failed, 
and he returned to England in 1827. But the 


fruitful period of his work was over, and ` 


Trevithick now sank lower and lower in the 
scale of life. He died in great poverty in 1833, 


and it is said that he was buried by means of a 


semi-public subscription. Well, indeed, may 


ont 


we, in the case of Richard Trevithick, Cornish - 


inventor and pioneer of the locomotive, resurrect 
that hoary old adage which runs— 

Sic transit gloria mundi, 

So passes the glory of men. 


WM. H. PATCHELL, M.I.C.E., M.I.Mecu.E., MIE E 
President Inst. Mech, Eng., 1924-5 
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AMERICAN POWER STATIONS 


By W. H. Patcuert, M.LC E., M.I. MeEcH. E., M.1.E.E. 
Past-President Inst. Mech. E. 


Tue considerations of power stations or any 
other developments in the U.S.A. is, in some 
quarters, met with a certain amount of impa- 
tience, and the men behind it are looked upon 
as if they were of another kin and in harmful 


development of labour-saving machinery and 
methods. 

Gas companies were early in the field, the 
first gas plant was built in Baltimore, Md., in 
1816, the next in New York City, 1823, but they 


Fic. 1. VIEW oF THE TRENTON CHANNEL POWER STATION OF THE DETROIT 
EDISON COMPANY 


competition with the British. Why? Was not 
that vast continent peopled principally by 
emigrants from here who were by no means the 
most lethargic or contented with their lot in the 
Old Country. Over there they found more 
room for expansion, more necessity to be and 
keep virile, and an atmosphere which in itself 


was very congenial to those conditions. 


As time elapsed and, by changes in the 
government, conditions became more settled, 
the country was opened up, and needed more 
Europeans than we could spare to people and 
develop it, but the fact remains that the back- 
bone of the United States Nation is of Anglo- 
Saxon stock or descent. The scarcity of hewers 


of wood and drawers of water has made labour 


costly, and so promoted inventive talents in the 
29—(5462) 


were not so feared as monopolists by parochial 
authorities as here. 

The introduction of electricity was not 
retarded by regional limitations imposed by 
the multitude of relatively small local govern- 
ments, it was generally undertaken by com- 
panies to whom franchises for large areas were 
open and who, while operating under State 
control, so far as limitation of price is con- 
cerned, have generally been free to conduct their 
business on commercial lines. 

Hence we see in cities of equal size much larger 
electric power stations in the U.S.A. than here, 
and we find the plant in those stations is much 
more usefully employed throughout the 24 hours 
of the day. 

Such large and rapid development means 
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that more money is attracted to the business, 
and so there is less hesitation in putting to the 
test inventions and possible improvements in 
methods, no matter where they may have 
originated. 

In 1925 there were 110 Electric Supply Com- 
panies operating in the U.S.A., two of them 
made no return, the others had a total output 
of 56,097 million kWh. 

The Niagara Falls Power Company heads 
the list in the electrical world with an output 
of 3,161 million kWh., and a peak load on a 
half-hour basis estimated at 437,016 kW. 

The second place in the list is taken by the 
Commonwealth Edison Company, of Chicago, 
with an output of 3,091 million kWh., anda peak 
load of 792,000 kW. This shows up in strong 
contrast the difference in the type of special 
business developed and handled by the Water 
Power Company, and the business handled by 
the other company who, without water power 
resources, has built up a huge general load on 
power generated by steam. 

Many power stations in the U.S.A. are 
now being planned on a basis of from 300,000 
to 600,000 kW. 

The Commonwealth Company in 1900 had 
16,000 customers with an average user of 
16 kWh. per annum. In 1924 they had 
755,000 customers with an average user of 
845 kWh. per annum. This company last year 
started its newest station, Crawford Avenue, 
Chicago, with three steam turbo-generators of a 
total capacity of 160,000 kW. One of them, a 
50,000 kW. unit, was made by Messrs. C. A. 
Parsons & Co., Newcastle-on-Tyne, and is the 
second machine that the company has bought 
in the Old Country. The steam is supplied at 
550 lb. and 750° F. at the throttle valve, and 
after expanding to about too lb. and 400° F. is 
reheated to 700° F. Two further machines of 
77,000 and 90,000 kW. capacity respectively are 
now on order for Crawford Avenue Station. 
The design for a still larger station is now on the 
drawing board. 

The Detroit Edison Company in 1925 had an 
output of 1,732 million kWh., and an actual 
sustained half-hour load of 389,100 kW. 

Their Trenton Channel Station, Detroit, last 
year, had three 50,000 kW. alternators operating, 
and there are now three more similar sets on 
order. The company has older stations at 
Delray, started in 1904, Connors Creek, 1915, 
Marysville, 1922. These all contributed to the 
total output for the year which was effected at 
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an average coal consumption of a little less than 
1°5 lb. of coal per kWh. sent out. The calorific 
value of the coal was 13,300 B.Th.U. per lb. 

The growth of the Detroit Edison Company, 
studied from the dates at which each succeed- 
ing million kWh. per 24 hours was turned out, 
shows— 


1913 1,000,000 
1916 2,000,000 
I9I9 3,000,000 
1922 4,000,000 
1923 5,000,000 
1924. 6,000,000 
1925. 6,400,000 


The Brooklyn Edison Company is interesting 
as having had to handle an ordinary 60 cycles 
general commercial load and a supply for 
railways at 25 cycles. Two stations having 
become too small and getting in parts antiquated, 
a new station was laid out for 600,000 kW., and 
has been started at Hudson Avenue. In 1924-5 
three 50,000 kW. 60 cycle turbo-generators were 
put into operation, and a further 80,000 kW. 
machine is on order for completion this year. 
The provocative difference in periodicity ques- 
tion is handled by the provision of a 35,000 kW. 
frequency changer to link up the new station 
with the old one which handles the railway 
load, and this without governmental interven- 
tion or subvention, it is a purely economic 
question settled in the ordinary conduct of the 
company’s business. 

The Philadelphia Electric Company have just 
started their new Richmond Steam Station, 
which is planned for 600,000 kW. in three sec- 
tions. Two 50,000 kW. turbo-generator sets are 
now operating in the first section, at 375 lb. 
steam pressure and 675° F. temperature. 

Developments to increase efficiency are being 
tried out. Large units in the boiler room are 
becoming general since the Detroit Edison 
Company proved their advantages. 

Following the first operating of boilers with — 
21,700 sq. ft. heating surface at Bow, London, 
E., in 1903, the following advances have been 
made in boiler sizes— 


torr Detroit, Delray . x - 23,654 sq. ft. H.S. 


1920 Connors Creek a) ZB O54 oe AE 
1920 Fords River Rouge 26,470 ,, 

I92I Congress Street 299201 i 

1922 a Marysville + 28,202 

1924 Allegheny Co., Pittsburgh . 32,750 ,, 

1924 Detroit, Trenton Channel . 29,090 ,, s 
1924 Cleveland, Ohio . : 30,000: re 
1925 Detroit, Beacon Street + 40,000 ,, 


The first 40,000 kW. single-cylinder 
turbine unit was put into Connors 
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Station of the Detroit Edison Company in 
1920, about two years after the 60,000 kW. 
3-cylinder 3-shaft unit was put to work at the 
Interborough Company, New York. The Colfax 
Station, Pittsburgh, 60,000 kW. 3-cylinder 3-shaft 
units were started in 1921, their first machine 
having been commandeered for the Government 
Work at Muscle Shoals, Al. 

Experience shows that the use of large units 
has practically cut the labour cost in two at 
Detroit. For example— 


Operating Labour. kWh. developed per Man-hour. 


Delray. Connors Creek. 
Turbine Room 3,929 7,042 
Boiler Room . I,92I 3,659 
Turbine and 
Boiler Room 5 1,290 2,474 
Annual Load Factor 0:527 0:499 


` Boiler steam conditions are going up all the 


time. The Detroit Edison Co. have— 

Delray . 5 200 1b. Press, 538° F. Temp. 
Connors Creek 235 Ib. GOO AE da ass 
Marysville 295 lb. TOO RA 
Trenton Channel 410 lb. I Eee Seem oe 


Some six stations are operating with about 
650 Ib. steam pressure and 725° F. temperature 
at the boilers, but it seems probable that 400 lb. 
will for some time be standard practice, and 
take the position that 200 lb. has occupied for 
several years. 

At present the highest limit is reached at the 
Edgar Station of the Edison Illuminating Com- 
pany of Boston, Mass., where there is the first 
commercial example of 1,200 lb. steam pressure. 
The Babcock and Wilcox type boiler, which has 
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19,743 sq. ft. heating surface, supplies steam at 
1,200 lb. pressure and 700° F. temperature to a 
2,500 kW. turbine, whence it is exhausted at 
375 lb., returned to the boilers to be reheated 
to 700° F., and delivered into the ordinary 
steam system of the station which feeds 
30,000 kW. turbines, which take steam at 
370 Ib. and 700° F. 

A 7,000 kW. example of the same system is 
just delivered for Milwaukee, with a Stirling 
type boiler of 28,532 sq. ft. heating surface, to 
work at 1,300 lb. pressure and 720° F. 

The first extensive study of the effect of high 
pressure steam cycles was made in a Paper, 
read by Ellenwood and Hirshfeld, at the 
December 1923 Meeting of the A.S.M.E. in 
New York. Sir Charles Parsons presented 
figures to the 1924 World Power Conference, 
and Professors Mellanby and Kerr read a Paper 
before the North-east Coast Institution of 
Engineers and Shipbuilders in 1925. 

Such information is highly interesting and 
useful in view of the attractive efficiencies of the 
internal combustion engines and the binary fluid 
turbine plants. The only example of the latter 
is Emmet’s 1,500.kW. machine at Hartford, 
Con., which operated during 1924 with 35 lb. 
pressure on the mercury boiler and 200 lb. on 
the “condenser ” or steam boiler, and with no 
more trouble than the early steam turbines. 
The results were so encouraging that the 
installation was altered last year to operate 
with a 7olb. pressure mercury boiler, and 
another wheel added to the turbine was expected 
to raise the turbine efficiency ratio to 70 per 
cent. 
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APPLIED MECHANICS 


By Geo. W. Birp, Wu.Ex., B.Sc., A.M.I.Mecu.E., A.M.1.E.E. 


LESSON X 
SIMPLE THEORY OF BEND- 
ING OF BEAMS 


THE engineer’s theory of bending is based upon 
the following assumptions which, within the 


Fic. 45 


usual limits observed in engineering practice, 
are exceeding close approximations— 

I. The material of the beam is assumed to 
possess equal elasticity in all directions, and 
hence the modulus of elasticity in compression 
is equal to the modulus of elasticity in tension. 

2. That the stress does not exceed the limit 
of proportionality. 

3. That transverse sections of the beam, 
which are plane before bending, are still plane 
after bending, that is, have not become tortuous 
or warped. 

4. That the beam is initially straight, and 
that the lateral dimensions are small compared 
to the length. 

D M È 
ERIVATION OF R 


Let Fig. 45 represent a part of a beam, which, 
being subject to a B.M. is bent into a curve of 
radius R. 

Experiment on some easily flexible material 
such as rubber, shows that the material on one 
side of a certain longitudinal plane becomes 
stretched, whilst the material on the other side 
becomes shortened; this plane we call the 
Neutral Plane or Neutral Axis. On the 


assumption that the strain at any point is 
proportional to its distance from the neutral 
axis, any two lines, such as caf and deh, which 
are parallel before the beam is bent, will, after 
bending, become inclined at some angle 0 as 
shown. 


Now, strain = +; but x = y0, and l = RO 


z 0 
strain = tp = $ : ea) 


But Hooke’s Law states that 


A E 
TR s "i > (4) 


Let Fig. 46 represent the cross-section of a 
beam of breadth b and total depth 2y. The 
maximum stress is assumed to occur on, say, 
aa, the plane most remote from the neutral 
axis NA. Further, the stress is assumed to be 
directly proportional to the distance from NA. 

Let f = stress at distance y from NA. 

Consider a strip of width 6 and depth dx, 


Fic. 46 


as shown in Fig. 46. The stress on this strip 
% 
= Kas 
f 34 
% 
and therefore the force = f X y x bôx. 
The moment about the axis NA due to this 


force = f X _ x box X x, and hence the total 


f 


moment = —2b.x.6x . ; : 5 16) 


This moment, produced by internal forces, 
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opposes the bending moments produced by 
external forces acting on the beam, and is often 
called the resisting moment. 

Now 6.6% x x is termed the Moment of 
Inertia of the area bdx about the axis NA, 
and since X' means “sum of,” .. X bdx% x x? 
= the moment of inertia, written J, of the 
whole section about the axis NA, and we may 
write (3) as 
ed 


B.M. = (4) 


THE NEUTRAL AxIS PASSES 
THROUGH THE CENTROID 


Suppose Fig. 46 (a) to represent a beam which 
is subjected to simple bending by the applica- 
tion of end couples, but is free from any shearing 
force. 

Let us consider the equilibrium of that part 
of the beam to, say, the right of section AA. 
This part is acted upon by one of the equal 


Fic. 46 (a) 


couples M, together with the forces on the 
section as indicated in Fig. 46 (b). 

The state of equilibrium requires: (1) That 
the forces on AA are wholly longitudinal, since 
we are neglecting any shearing force on the 
face AA ; and, (2) That the forces on AA exert 


Fic. 46 (b) 


a couple which is equal in magnitude to M, but 
acting in the opposite direction. 

From (2) we conclude that the sum of the 
compressive forces acting on the face AA is 
equal to the sum of the tensile forces on the 
same face. 

Fig. 46 (c) is a front elevation of the face 
which is acted upon by the tensile and com- 
pressive forces; in this view they will be 
normal to the plane of the paper. Bending 
takes place about the neutral axis NA, and 
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we may take the forces acting on the area above 
NA as being tensile, and those acting on the 
area below NA as being compressive. The 
elementary strip whose area is bôy is acted 
upon by a force f x béy; f being the stress 
intensity at the distance y from the neutral 
axis. Since the algebraic sum of the forces all 
over the area is zero (see (2) above) ; we may 
write 


af.bdy = O ; 2 a} 
Also we have previously shown that 
ty oe Éy 
TRE SVE E 


E 
(1) may now be written R ~o-yoy =0O =e) 


The term 2b.ydy means the sum of the 
moments of each element of area taken about 


Fic. 46 (c) 


NA, and, if this is to be equal to zero, then the 
neutral axis must pass through the centroid of 
the section. 


MOMENT oF INERTIA, J, OF BEAM SECTIONS 
Two IMPORTANT THEOREMS 


There are two useful theorems relating to the 
I of a section that we must now consider. 

Theorem 1. JI about parallel axes. 

Let NA be an axis passing through the 
centroid of the section, Fig. 47, and DD any 
axis parallel to NA. We desire to show that 
the moment of inertia of the given section about 
the axis DD (written Ipp) = the moment of 
inertia of the section about NA (written I,,) 
+ (the area of the section) x d?. 

Consider the element of area ĝa ; by definition 
the moment of inertia of this element about 
N A = x*.6a, and its moment of inertia about 
DD = (d + x)*.6a. 


Totall,, = (4 + 
a = 2(d + 2dx + x*).6a 
r = Ld?.6a + Lx?.da + 2ddx.6a 
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But Ld?2.6a = d?2.da Multiplying throughout by 6a and integrating 
= the whole area multiplied by the we get 
square of the distance between Sy 2 2 
parallel axes NA and DD. 3 fare ae on): oS 
and Yx?.da = IER that is Iz ae Tx G Igy 
In the remaining term, viz., 2dX%.da, some We can now calculate the J of (1) a rectangu- 


values of x (measured above NA) will be posi- lar, (2) a circular, and (3) any common form of 
tive while others (measured below NA) will rolled steel section. 


be negative, and, since the neutral axis NA To determine Ix, for the rectangular section 
in Fig. 49. Consider the strip of width b and 


depth dx; the J of this strip about NA = 


Fic. 47 FIG. 49 


passes through the centroid of the whole area, .dx.x2, and hence the total J for the section. 
the resultant moment of the area which is ef 
represented by the summation 2'v.0a is zero = f bx dy = % bd. (3) 
Hence the term 2dx.6a must also be zero, and <a Asie Oia depth 
2 2 .B. d in expression (3) above means depth 
Top = Lyn + es Area x d’). measured down to the neutral axis and not total 
Theorem 2. Let Fig. 48 represent any area; depth of section. 
XX, YY, and ZZ be three axes mutually To determine the J of a circular section about 
a diameter NA, Fig. 50. 
The J about an axis passing through the 
centre and perpendicular tothe plane = 


Fic. 48 Fic. 50 


r 
perpendicular, the common point O being the h amxdx X x2, and from the statement in 
C.G. of the area, and the axes XX and WAG o 

being in the plane of the area. We require to Theorem (2) we know that 

prove that the moment of inertia of the area 


about ZZ (written J,,) = the moment of eee i 4 
inertia of the area about YY (written Iy,) + I= f 2TXAX X X 
the moment of inertia of the area about XX a 
(written Txx)- oe ar 

Consider any element of area da, whose Ne 4 


co-ordinates are x, y, and z respectively, as 
shown. Then, since x, y, and z are the three ee. 
sides of a right-angle triangle, we may write NA 64 


2 = + y? 5 . (1) where d means diameter. 
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If the section be hollow, as in, say, a water 
main or other pipe, and if the outer radius be 
R and the inner radius 7, then 


x=R 
las if 2mKdx X x? 
x d 


= wy 4 4 T 4 
q (E-r) = = (Dt as) 
EXAMPLE. A R.S.J. is of the section shown 


in Fig. 51. Calculate its I about an axis 


‘a ” 


Fic. 51 


parallel to the flanges and passing through the 
C.G. of the section. 

We must first determine z, the distance of 
the C.G. of the section from the base BB; 
to do this we must take moments of areas as 
follows— 

Whole area xX z = 

(area of top flange x distance of C.G. of 

top flange from BB) + (area of web x dis- 

tance of C.G. of web from BB) + (area of 
bottom flange x distance of C.G. of bottom 
flange from BB). 

Now whole area 


= 3+ 53+ 6 = 143 sq. in. 

14g X z = (6 X $ X II) + 
(Tod x $ x 64) + 
(8 x ¢ x 3) 


<. 2 = 49 in. nearly. 
We can now fix the position of NA in Fig. 51, 
and insert the additional dimensions. Using 
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the expression previously obtained, and remem- 
bering that “ d ” does not mean depth of section, 
but means distance measured down to the NA 


we get 
Ih T zba? 
Ina = 316 X (7:1)? - 5-5 x (6:6) + 8 x 
(4:9)?—7°5 X (4°15)5] 
Iya = $[2148 — 1581 + 941-2 - 535:9] 
Ix. = 324I (inch)é units. 


EXAMPLE. A T-section is shown in Fig. 52. 
Determine the J of this section about an axis 


parallel to the top and passing through the 
CE 


To determine z, take moments of areas about 
B 


a X z= (5 xX 4 xX 4) + (6 x $ x 3h), 
s 2 = 202 iT. 
Inserting z = 2-023 in. and the other dimen- 
sions required, we can calculate 


Ix, = $d = }[5 X (2:1023)? -4'5 x (1:523)? 
a Cev ee 
Ix, = 23°56 (inches)! units. 
ExampLe. A C.I. water main is 3 ft. 6 in. 
internal diameter, the thickness of the metal 


being 1fin. Calculate the I of the cross- 
section about a diameter. 


Coe T 
I = gq (D-a) = & (458 — 428) 


= 48-605 (inches)? units. 
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| THE THEORY OF HEAT ENGINES | 


By E. B. Coreg, B.Sc. 


LESSON VIII 
ENTROPY — (contd.) 


In the last lesson we saw that the change of 
entropy of any substance undergoing any 
change was given by 


$.-¢1 = Te 


and if the heat supplied or rejected can be 
expressed in terms of T the above integration 


N 
À IN 
\ A 
"= 
A À | 
' 
N 
À N 
N 4 
OS oP 
(0) q v 
o 
Fic. 17 


can be performed, and the change represented 
on the T- ¢ diagram. 
` Let us consider, as previously, the heating of 
1 1b. of water under constant pressure— 

I. During warming of the water through a 
small temperature difference ôT, the heat 
supplied will be 


ôH = K,.6T heat units per lb., 


and in the limit when the temperature range is 
made infinitely small 


dH heed ls 


Now for all practical purposes we have seen 
that the specific heat of water may be considered 
constant and equal to unity, hence the change 


of entropy during the warming of Ilb. of 
water from T, to T, may be written as 


aT 
$2- Qı =I. i T 


= LR 
=I. loge 7 units per lb. 
1 


As we are only concerned with changes of 
entropy and not with actual amounts, we may 
choose our zero arbitrarily, and in practice, 
zero entropy is taken to occur at 32°F. or 
oC 


The log curve ab, Fig. 17, shows the variation 
of entropy with absolute temperature during 
the warming of water. Over the range T,~ 
T, np represents the change of entropy 
log. T,/T,, while the whole area under the 
curve gives the heat supplied, namely (T,— 7) 
heat units per Ib.—the specific heat being unity. 

Since, however, the specific heat really varies 
with temperature, and should, therefore, be 
included in our original integral, the above 
result, while near enough for most practical 
purposes, is only approximate, and a column 
will be found in the steam tables which gives 
the increase in entropy above that at 32°F. 
or 0° C., taking into account these variations. 
The area under the curve so plotted from the 
steam table values will now represent over the 
range 1,2 ~ (h,-— h) heat units supplied. 

2. Change of entropy during evaporation. When 
we arrive at the temperature (say) T, corre- 
sponding to the pressure, evaporation takes 
place and this process will be represented on the 
T-¢ diagram by a horizontal line bc, since the 
temperature remains constant. The area under 
this line represents the heat supplied, which is 
L,, hence the increase in entropy during the 
complete evaporation of 1 lb. of water is given 
by 


Lae Re 
T units per Ib. 


If the water were not completely evaporated, 
i.e. if the steam had a dryness fraction x, then 
we should only have travelled along the line bc 
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to the point f, the area under bf being equal to 
xL., or the dryness fraction is given by 


of 

a 
3. Then on superheating the steam, for a 
small increase in temperature ôT the heat 
supplied ô H will be K. ôT units per lb. where 
K „is now the specific heat of superheated steam. 
If K, be assumed constant (being taken equal 
to its mean value over the range considered) 
then the increase in entropy is similar to that 

in (I) 


T 
$s- pa =K p. log, T. units per Ib. 
2 


where T, = superheat temperature. 
T, = saturation temperature. 


This is represented in Fig. 17 by the log 
curve cd, the area under the curve over the 
temperature range T, ~ T, being Kp (7, - T,). 

Again, values for the entropy of superheated 
steam above that of water at 32°F. or o°C. 
(which we have assumed zero) will be found in 
the superheated steam tables. The values given 
take into account the variations of specific heat ; 
and in order to make a comparison let us make 
the following calculation— 


EXAMPLE. Steam is formed under constant 
pressure of 200 lb. per sq. in. absolute from 
water at 32°F. Determine the increase in 
entropy during warming, evaporation, and 
superheating by 600° F. 


Temperature corresponding to 200 lb. 
= 30,5:0 nb 
Latent heat corresponding to 200 lb. 
= 843-2 B.Th.U./Ib. 


I. Warming. Specific heat assumed unity 


460 + 381-9 
Increase of entropy = log. [ 460 + 32 i 
Sat: 
salon: 42 = 0:5371 units/lb. 


The value given by the tables = 0:5437. 

Now the mean specific heat of water over the 
range will be (,—/,) + (t 4), ie. 

354°9 
381-9 — 32 

so that taking this value instead of unity, the 
increase in entropy would be 0:537I X 1-014 
= 0:5448. 


= 1-014, 
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2. Vaporization. The increase in entropy is 
843:2 
here given by gr = 1-0019, which will corre- 


spond with the value given in the tables. 

3. Superheating over a range of 600° F. From 
the superheat tables the mean specific heat over 
this range can be obtained as before = (%,— Aa) 
— 600 = (1503-7 — 1198-1) + 600 = -50T. 

.. Increase in entropy, assuming specific 
heat to be constant and of this value, 


841:9 + 600 
841:9 
= 0:2606 units-lb. 
From the tables, the total gain in entropy above 


= -501 log, 


water at 32° F. for this superheat = 1:8225 
and for saturated steam = 15456 
increase for superheating = 0:2769 


Fig. 17 thus represents the process of warming, 
evaporating and superheating Ilb. of water 
stuff under a constant pressure, and, of course, 
is similar to the curve obtained for any other — 
liquid. 

The next problem is to construct a complete 
diagram representing a whole series of constant 
pressure curves, but before doing so the student 
is asked to consult the steam tables and note 
that as the temperature at which evaporation 
occurs is increased, the latent heat required 
diminishes until at a temperature of about 
706° F. and corresponding vapour pressure of 
3,200 lb. per sq. in., the latent heat required is 
zero. Hence heating water under this pressure 
results in the water changing into steam when 
the temperature is 706° F. instantaneously 
without any further heat being required. 

This temperature is called the Critical 
temperature, and the corresponding pressure 
the critical pressure. 

This effect is true for any liquid, for instance, 
for carbon dioxide (CO,) the critical tempera- 
ture is only 31°C. approximately. Let us 
study these conditions for any liquid in more 
detail. 

Critical Temperature. -If we heat a liquid in 
a closed space, the pressure within gradually 
rises owing to the increased vapour pressure 
produced, the kinetic energy of the molecules 
of the liquid also increases, and the properties 
of the liquid and its saturated vapour gradually 
approach one another until at a certain tempera- 
ture—the critical—the liquid and its vapour 
become indistinguishable from one another. 
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Above this temperature the substance can 
only exist as a gas, and no amount of pressure 
could convert it into a liquid. But, if the 
temperature be below this critical value, con- 
tinued increase of pressure will eventually cause 
the gas to liquefy. 

Thus, we may define the critical temperature 
of a substance as that temperature above which 
the substance is in the gaseous state and will 
undergo compression without liquefaction, and 


Pressure in Atmospheres 
z ES s 


e 


S 


Volume 


Fic. 18. IsoTHERMALS FOR CO, 


below which the substance may be converted 
from the gaseous to the liquid state by com- 
pression. 

The pressure which, at the critical tempera- 
ture, is just sufficient to liquefy the gas, is called 
the critical pressure. 

Thus, in order to liquefy a gas a low tempera- 
ture is necessary, not a great pressure. If the 
gas is not cooled to its critical temperature no 
pressure, however great, could liquefy it. 

Having considered above, the heating at 
constant volume, let us now consider compressing 
a gas at constant temperature. 

Imagine our cylinder and piston to enclose 
the vapour of a liquid, and that the pressure on 
the piston is less than the vapour pressure of 
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the liquid corresponding to the temperature 
considered. 

Increasing the pressure on the piston will 
cause the gas to be compressed into a smaller 
volume until the pressure becomes equal to the 
vapour pressure when condensation takes place 
at this pressure, the volume changing to that 


_ of the liquid, and the piston moving in without 


any further increase in pressure. 

The pressure necessary to liquefy a gas at any 
given temperature less than the critical, must 
therefore be equal to, or rather only just greater 
than the vapour pressure corresponding to that 
temperature. 

Fig. 18 represents approximately to scale the 
constant temperature PV curves or “ Isother- 
mal compression curves ” for CO,, the critical 
temperature of which is about 31° C. 

At a temperature of 48°C. the compression 
curve is smooth, but is not a rectangular 
hyperbola, i.e. the gas does not obey Boyle's 
Law, PV = constant. The further we increase 
the temperature above the critical the more 
nearly does this law apply. : 

As we approach the critical temperature, the 
curves exhibit irregularity, until at the critical 
point, when the pressure is equal to the critical 
pressure, i.e. the vapour pressure at Bice 
which is approximately 73 atmospheres, the 
curve runs almost horizontally. 

Below the critical temperature, the 
curve breaks and runs horizontally at a 
pressure equal to the vapour pressure, 
condensation then occurring. When all 
the gas has been liquefied the curve then 
suddenly breaks again and bends upward. 
Compression of the liquid then begins, 
and it will be seen that the farther we cool 
below the critical the more steep these 
liquid curves become, i.e. the liquid becomes 
more and more incompressible, or alternatively, 
the nearer we approach the critical temperature, 
the more the liquid begins to behave like a gas. 

By joining up the points xx at which con- 
densation starts on any curve, and similarly 
the points yy at which all the vapour has been 
liquefied, we get a boundary curve outside of 
which liquid and gas cannot exist together. 
Any horizontal intercept of this curve, of 
course, shows the passage of vapour into 
liquid, and vice versa. 

Since the critical temperature of water is 
very high, water may be considered incom- 
pressible at all ordinary temperatures. 

(Continued on page 456) 
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MATHEMATICS FOR ENGINEERS 


By W. G. Bicktry, M.Sc. 
Lecturer in Mathematics, Battersea Polytechnic 


LESSON X 
USES OF GRAPHS 


In the last lesson we saw how to draw graphs 
from statistics and formulae, and realized the 
two main virtues of them: (a) that many 
things are more evident on the graph than in 
the table, and (b) that the graph enables us to 
interpolate between the numbers actually given 
or calculated in the tables. It is the latter of 


these which is mathematically of the more 
importance. 

Squares and Square Roots. As a typical 
instance, it is possible to draw a graph with 
little calculation which will enable squares and 
Square roots to be read off. If we draw a graph 
of the relation y = x”, for values of x from o to 
10, for which the table is— 

Niel A ee ee Om 7 eS Ome TO 
JI A 97025 36 49 64. 8T 00 
and the graph, Fig. 14, any value of y is the 
square of the corresponding value of x, and 
conversely, any value of x is the square root 
of the corresponding value of y. Thus, from 
the graph we find 5-4? = 29 (approx.) and 


. V54 = 7°35 (approx.). The results can be 


obtained with greater accuracy if a larger scale 
is used, but the principle that we can, by means 
of easy arithmetic and squared paper, do more 
complicated arithmetic, is the important thing 
to notice. A graph of y = x will find cubes 
and cube roots in the same way. Another way 


3 
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of looking at the last result is to say that we 
have solved the equation, x? = 54, by plotting ~ 
the graph y = x?. The solution of more com- 
plicated equations by this method is one great 
sphere of usefulness of the graph. 

Graphical Solutions of Equation. Suppose we 
want the values of x for which 


-9x +2=0 ; : : er UE) 


We can plot a graph of y = x? - gx + 2, and 
from it find the values of x which make y = o. 
In doing this, we come against the fact that y 
has negative values, for some values of x. What 
is to be done about this? In the lesson on 
negative quantities, we saw that a — sign meant 


MATHEMATICS FOR ENGINEERS 


“ go the other way.” To do this, we must plot 
negative values of y downwards instead of up, 
i.e. below the x axis. Also, we may have nega- 
tive values of x too, and to include these we 
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plot them to the left of the y axis instead of to 
the right. We take, for ease of calculation, 
whole number values of x, starting from o, and 
going on until we see that there is no further 


chance of the value of y becoming zero. The 
table as calculated is 
iG ad Te 7 0 leer, | 
n 45 3h DB SO Tew 2 20 


The graph is now drawn, in Fig. 15. From this 
we see that y = 0 at the points A, B, and C, 
where x = 0'2, 2:9, and—3-I respectively. These 
are the three values of x which make x*— 9x 
+ 2 = 0, as required. Again, the accuracy can 
be increased by using a larger scale. (See 
below.) 

There are, however, many cases (of which the 
above is one) in which the results can be 
obtained by even less and more easy calcula- 
tion, by. drawing the graphs of two expressions 
with the same axes ; such will be the case when 
these two graphs are simpler. In the above 
case, the equation can be written 


2° = 0% —2 
If we now plot the graphs of x%, and of 9x- 2, 
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on the same axes, they must cut one another at 
points which make xè equal to 9x-2, i.e. in 
points for which the value of x satisfies the 
equation. Now the calculations for the graph 
of x? can be done mentally and the points plotted 
at once, while the graph of 9% — 2 is a straight 
line. This latter fact is very important, and an 
equation giving a straight line should be recog- 
nized at sight. We will examine this point 
before proceeding with the alternative method 
of solving x3- 9x + 2 = 0. 

Straight Line Graphs. If we make out a 
table for y = 9x — 2, for values of y starting at 
zero, we have 

9 OET 2 3 4 5 6 

aig O 25. 34° 43. 52 
Examining this, we should see the —2 in the 
“starting value ” (i.e. that value of y when 
x = 0) and the g in the fact that for every I 
that x increases, y increases by 9. That is, we 
have a line starting at -2 when x = o, and rising 
g in I. Since the rate of rise is constant (we 
shall term this rate of rise, vertical/horizontal, 
the gradient) the line must be straight. This 
deduction from the table is confirmed by 
plotting, and if we further calculate the values 
of y for negative values of x, we still find that 
upon plotting the points they all lie on the same 
straight line. (See Fig. 16.) When we know 
a graph is straight, we need only calculate and 
plot two points, and then use a ruler to draw it. 
It is safer to plot three points, as a check, and 


FIG. 17 


for accuracy to have them as widely spaced as 
is convenient. For instance, to plot the graph 
of y = 4x + 9, we must draw a straight line 
starting at 9 when x = 0, and rising 4 in I to 
the right. Calculating the values of y for three 
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values of x as widely spaced as possible, we 


have 


% -4 o 4 
y z% 9 25 


and so plot the three points indicated by rings 
in Fig. 16. Similarly to draw the graph of 


y = I2 — 6x, we have 
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Corresponding values can be calculated direct 
from the first equation. But it is worth while 
knowing the equation to the straight line in the 
form 


Y= mx +c 
in which 
m = gradient 
c = “starting value,”’ 


e o o k oh i.e. the value of y when x = o. 
y ae It will now be recognized that it is possible 
(we have not used’ x = — 4, as this gives a value to solve simultaneous equations of the first 
3 
2 
T ae 5 
7 
roo 
. 2 / 2 H3 
210 
+20 
Fic, 18 
greater than 30, the highest. we have arranged degree by drawing their graphs. In Lesson 
for). The line is drawn in Fig. 16. VIII we solved, numerically 
It will be seen that any expression of the first av : 
degree in x and y, that is, any expression con- es ed ý ; j i a 
taining no powers or products of x and y, can KRON : j i ; 3 


be thrown into the form of the above examples, 
and its graph will be straight. 


Thus 
can be written 


3% + 4y = I2 

Boa ar 
and its graph is a straight line through (o, 3) 
with a negative (downward to the right) gradient 
of 4}. Not that it is necessary to throw the 
equation into this form in order to plot. 


To solve them graphically, the minimum of 
calculation is to find the values of y when 
x = 0, and the values of x when y = o. Thus 


ney 3 o 7 a E o 2} 
y 105 0 y 3 0 
These values show that the lines cut somewhere 


between 3 and 7 of x, and that y is positive, so 
that there is need of little of the negative 
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portions of the axes ; also it is advisable, for 

accuracy, to obtain a point on the second line 

for a greater value of x, say, x = 7, when y is 

found to be 52. The graphs are now drawn (see 

Fig. 17), and the result, as found from the point 
where they cross, is 


x=5 V=3.- 


(As a matter of fact, it is often simpler to solve 
numerically, but the principle that graphs afford a 


ji ] 
ji it 


0-3 


0-2 


O75 


2:86. 2:8 2i 89 2 


FIG. 19 


ready means of solving equations is extremely impor- 
tant.) 


~The question of straight line graphs, from 
another aspect, will be referred to later, but 
we are now in a position to solve 


i — Si 2 


by the alternative method, that is, by plotting 
the graphs of x? and of ọgx-2 on the same 
axes. This is done in Fig. 18, which should be 
quite clear ; and reasons for preferring it have 
been given above. The roots, as now obtained, 
Ane 2:08.) O23.) and) 3°12). ouch a 
_ graph gives us two places of decimals. Should 
we want more, we must enlarge our scales. To 


455 


find the greatest root of the above to more 


places, enlarge between 2:86 and 2:90. Thus, 
we calculate the values— 
x 2°86 2:88 2°90 
x8—gx +2 -0:346 -—0:032 0289 


(As calculations are to be done accurately, 
there is no longer any point in drawing two 
graphs.) On plotting, it is seen that the line 
joining the three points is, very, very nearly, 
straight. We have magnified to such a degree 
that the curvature is hardly, if at all, perceptible 
—a very useful thing to happen. From the 
graph (Fig. 19) we read the value of the root as 
2:8820, correct to five significant figures. 
Straight Line Laws. In plotting the results 
of experiments, we often get a straight graph, 
that is, as nearly as the unavoidable experi- 
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mental errors allow. We have seen that a 
straight line is represented by a simple formula, 
and when we do get a straight line, this means 
a simple relation between the two quantities 
that are plotted. Even when the graph is a 
curve, a knowledge of the forms of graphs of 
various expressions will enable us, possibly, to 
guess the form of equation they represent, but 
then, it is only by testing proposed formulae by 
calculation, or by changing the quantities plotted 
in an endeavour to obtain a straight graph, that 
certainty can be obtained. When the graph is 
reasonably straight, we do know the algebraic 
form of the relation. It is 


yi =m4 + ¢ 
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In tests upon a block and tackle, the following 
were obtained— 


Load, W lb. I2 25 75 
Effort, P lb. TR OG 18-7 


If we want a formula for P in terms of W, 
plot with P up and W along, as on Fig. 20, and 
we obtain points lying very nearly on a straight 
line. We draw in the straight line which lies 
most evenly among the points. Its equation 


must be 

P=mW +c 
cis the value of P when W = o, i.e. 5-0 from the 
graph (point A), m is the gradient. To find 
this, take two points as far apart as convenient, 
say, A (0, 5-0) and B (80, 19-7). The rise from 
A to B is 197-50 = 14-7, and the base is 


50 
I4-I 


80. Thus the required gradient is ql = 
0:184.. =m. The required relation between 


P and W is, consequently 
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In the next lesson, we shall go a little farther - 
into this subject. 


EXERCISE No. 17 


1. Draw carefully the graph of x? from x = 4 to 
x = 10, and use it to find the cubes of 6-6, 8-3, and 
9'I5 ; also the cube roots of 250, 675, and 841. 

2. By means of graphs, solve the equations— 

(a) #®-4x%-4=0. 

O e = 3275 


(c) x + 2y =8, 4¥-y=5. 
3. The following results were obtained from a test 
of a large single-cylinder gas engine— 
Brake horse-power (B) 16 57° 95: 00 RIN 
Indicated horse-power (J) 35. 75> ITA 120) eager 
Find a formula for B in terms of J, 
4. Tests upon a steam-electric generator gave the 
following results— 
Kilowatts (K) 3,942 3,105 1,907 910 


Lb. steam/hour (W) | 80,400 68,100 50,200 [35,100 
Express W in terms of K. 


ANSWERS TO ExERcISE No. 16 


P=o0-184W + 5-0 See Fig. 21. 
100 a 100 
B. 
Eff 7. (tonsift) 
E, 
50 50 
0 0 
0 0 100 0 3” Cr oT Ae 
JoLoad 
1) (2) 
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THEORY OF HEAT ENGINES 


(Continued from page 451) 


CO, liquid, however, will be very com- 
pressible round about 30°C.; and as CO, is 
greatly employed as the working substance in 
refrigerating machinery, and operates at tem- 
peratures in the neighbourhood of the critical, 
it has been thought fit to dwell at some length 
on these phenomena. 


PROBLEM. 1 1b. of water at 32° F. is heated under 
a constant pressure of 180 Ib.-sq. in. absolute (f = 
373'1° F.), completely evaporated, and then superheated 
by 120° F. Determine the increase in entropy for 
each process. 

The specific heat of water may be assumed unity, 
while that of superheated steam = 0:57, and the latent 
heat may be obtained from the approximate formula. 

SOLUTION. (I) 0:526, (2) 1:024, (3) 0°0767. 
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RECIPROCATING STEAM-ENGINES | 


By ENGINEER LIEUT-COMMANDER T. ALLEN, R.N. (s.R.) 


LESSON VI 
DROP VALVES AND GEARS 


ENGINES fitted with drop valves are somewhat 
more suitable than Corliss engines for higher 
speeds of rotation, and a common maximum 
for drop valves with trip gear is about 130 r.p.m. 
and for engines with cam and roller gears about 
200 r.p.m. 

The drop valves of modern engines may be 
classified into two types—“ piston ” and “ seat- 
ing” type drop valves. The drop valve is 
gradually superseding the Corliss valve, and is 
fitted in one form or another by nearly all 
leading steam-engine makers. Fig. 16 illus- 
trates one form of seating-type double-beat drop 
valve, and Fig. 17 shows a section through a 
cylinder fitted with piston-drop valves, accord- 
ing to Stegen’s patents—manufactured in this 
country by Messrs. John Musgrave & Sons, Ltd. 
Fig. 18 shows an elevation of the high pressure 
side of a similar cross-compound engine ; Fig. 19 
is an end elevation of the same engine, and 
Fig. 20 illustrates the working and control of the 
trip gear. The general action of drop-valve 
engines may be studied with the aid of these 
diagrams. It will first be noted that the valves 
are operated by means of eccentrics, fixed to a 
layshaft running alongside the engine, parallel 
with the centre line, and driven by bevel gears 
from the crankshaft. Four eccentrics are fitted 
- to each cylinder—two for the steam valves at 
the top and two for the exhaust valves at the 
bottom. The latter are positively connected 
to the exhaust gear and receive, therefore, a 
fixed movement, but closure of the steam valves 
is determined by the trip in a similar manner to 
the Corliss gear. The tripping of the high 
pressure steam valves and, therefore, the cut- 
off is under the control of the governor. The 
latter may also be made to control the cut-off 
of the low pressure valves ; although it is usual 
to adjust and fix the cut-off of this cylinder, by 
hand, to give the best working characteristics. 
The valves are situated in the cylinder covers 
(Fig. 17) so that clearance is reduced to a mini- 
mum. The valves are also in equilibrium under 
all steam pressures ; apart from the weight of 
the valve itself and the small unbalanced area 


30—(5462) 


of the valve spindle. When the steam valve 
is lifted by the action of the eccentric, eccentric 
rod and trip levers, steam enters the cylinder 
through ports in the valve liner, and upon the 
release of the trip catches the valve descends, 


_ and closes the ports, under the action of a spring 


in the dashpot of the valve bonnet (Fig. 17). 
It will be noted that the valve does not butt 
against a seating, but is brought to rest by the 


Lifting 
Bridle 


Spindle with 
Labyrinth 
Packing, Grooves 


Bottom Seating 
sometimes 


Flexible. 


Fic. 16. DouBLE-BEAT SEATING TYPE 
Drop VALVE 


dashpot, which may be regulated by the simple 
adjusting screw shown in the diagram. Steam 
passes from the cylinder to the exhaust pipe 
through ports in the liner of the exhaust valve, 
when the latter uncovers the ports upon moving 
downwards under the action of the exhaust 
gear. Cushioning occurs when the ports are 
again covered during the upward movement of 
the valves. 

The action of the trip gear and the control 
of the governor are described on page 459. 
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The downward movement transmitted from the 
steam eccentric and rod to the top pin (Fig. 20) 
is accompanied by a corresponding movement of 
the tripping lever and—through the engage- 
ment of the trip plates—the valve opening lever. 
The point of disengagement of the trip plates 
is determined by the lateral position of the 
tripping lever. For low pressure cylinders with 
a fixed cut-off this lever has a uniform position 
relative to the end of the valve opening lever, 
and disengagement occurs at the same propor- 
tion of each stroke. For the steam valves of 
high pressure cylinders, however, the trip lever 
is moved nearer to or farther away from the 
opening lever under the control of the governor 
sleeve acting through governing rod K, and 
the lever and roller shown. The point of trip 
and cut-off are, therefore, controlled by the 
governor to give uniform speed under varying 
conditions of load and steam pressure. Fig. 21 
is a photograph of a cross-compound engine 
built for a load of 2,000 i.h.p. at a speed of 
70r.p.m., with a steam pressure of 160 lb. 
gauge. It will be noted that the low pressure 
cylinder is fitted with piston-drop valves for 
admission and Corliss valves for exhaust. This 
combination is sometimes applied to high 
power engines requiring large valves, and to 
winding engines. The low pressure layshaft is 
dispensed with, and both steam and exhaust 
valves driven by eccentrics on the crankshaft. 
Winding engines fitted with this gear may be 
arranged for reversal by the introduction of a 
sliding block and link, and it is also possible 
to provide for reversal in the case of four-valve 
cylinders fitted with layshaft gears. 

Safety Devices. Similar devices to ensure 
the safety of the engine in the event of failure 
of the main or governor drives may be applied 
as in the case of Corliss gears. 

Additional safety devices, sometimes fitted 
to ensure the safety of steam-engines, are as 
follows— 

I. Electric stop motions, to close the main 
stop valve, upon the pressure of operating 
pushes situated in the engine-room and in 
various portions of the factory. Such devices 
are of value in the case of belt or rope breakages, 
or accident to operatives in parts of the factory 
remote from the engine. A suitably arranged 
vacuum “breaker should be fitted to ensure 
breakage of the vacuum when the main stop 
valve is closed; either by hand or by the stop 
motion. Overspeed devices driven by the 
engine may be arranged to operate the stop 
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motion in the event of the engine speed rising 
above a predetermined limit. 

2. Devices to give audible warning or to start 
an auxiliary. oil service pump in the event of 
failure of the forced lubrication pump. 

3. Vacuum breakers to destroy the vacuum 
in the event of water rising in the condenser 
and tending to flood the cylinder, e.g. upon 
failure of the water extraction pump. Vacuum 
breakers may be interconnected with automatic 
stop motions so as to close the main stop valve 
when they come into operation. 

Relief valves for the cylinders should be pro- 
vided to guard against excessive compression 
caused by leaky and defective steam valves, or 
by access of water to the cylinder. Efficient 
drain arrangements for the cylinders, steam 
receivers, and pipes should also be fitted in all 
cases. 


CONSTRUCTION OF SLOW SPEED ENGINES 


A typical specification for slow speed engines 
is as follows— > 

Frames. Cast iron with trunk type guides 
bored to receive crosshead slippers. 

Cylinders and Covers. Good quality or 
special cast iron, secured by wrought-iron bolts 
and studs, and provided with polished shell 
covers. 

Pistons. Good quality or special cast iron, 
secured to rods by steel cotters, and with 
expanding cast-iron piston rings. 

Piston-rods. Forged steel, secured to cross- 
head by steel cotters and sometimes cambered 
where tail rod is fitted, to correct for deflection. 

Crossheads. Forged. steel with adjustable 
gun-metal crosshead pin steps and cast-iron 
slippers. 

Connecting Rods. Forged steel with big ends 
lined with good quality anti-friction metal, and 
forked end for crosshead pin. 

Cranks. Forged steel, shrunk and keyed to 


crankshaft. 

Crank Pins. Forged steel, shrunk into 
cranks. 

Crankshaft. Forged steel, turned all over, 


and sometimes with hole bored through centre. 

Packings and Valves. Metallic packings for 
piston and tail rods, “labyrinth ” packing for 
drop-valve spindles. Valves and bonnets of 
cast iron with polished shell covers. Front 
bonnets of Corliss valves with spherical steam- 
tight seats and bushes for spindles, and back 
valve covers with guide bushes. Corliss valve 


BASEMENT. 
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boxes usually incorporated in cylinder casting. 
Drop valve boxes in cylinder covers. 

Crankshaft Bearings. Cast iron, with steps 
in sections lined with suitable anti-friction 
metal, and with wedge adjustments. 

Lubrication. Oil pumps driven from the 
engine, with collecting tanks and piping for 
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- continuous circulation to main bearings. Centri- 
fugal oilers and oil cups for crank pins. Self- 
oiling device for crosshead pin, and drip lubri- 
cators with end plates or splashers for main 
slides. Automatic sight feed lubricators driven 
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from the engine for the lubrication of cylinders 
and pistons. 

Sundries. Planished steel casings for cylin- 
ders, and drippers under cranks and valve gear. 
Steam and vacuum gauges, spanners and special 
tools on boards. Indicator gear and cocks, 
cylinder and receiver relief valves, hand-railing 
and guards round moving parts, stop valve and 
interconnecting steam pipes, drains and traps. 

The cast-iron fly-wheels are made in sections, 
bolted together as in Fig. 17, and a spur rack 
for the barring gear is cast on the rims. 

Barring Gear. Where the barring effort is 
low, e.g. small engines or engines driving elec- 
tric generators of moderate size, hand-barring 
gear is satisfactory, but for large engines or 
cases in which part of the machinery friction 
load is to be overcome, e.g. rope or belt drives 
to mill machinery, electric or steam-barring 
gears are necessary. In cases such as rolling 
mills, where the surface of the rolls is to be 
turned through the agency of the barring 
engine, and the barring torque may be heavy, 
due to congealed oil in the necks and pressure 
on the rolls, barring engines of specially ample 
capacity are required. 

Accessories. Accessories for the engine may 
be provided as follows— 

Tachometer for recording 


the speed of 
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rotation. This may be direct-driven from the 
crankshaft or driven by cord, belt, or chain 
from the crankshaft or layshaft. Occasionally, 
a revolution counter is also fitted. In cases 
where a continuous record of speed is required, 
e.g. engines driving mining fans, recording 
tachometers may be fitted. 

Indicator for indicating the power developed 
by the engine and checking the performance of 
the valves. The indicator is almost an essential 
adjunct to the engine, as by its means leaky 
and defective valves or inaccuracies in the 
setting of the valves and valve gear may be 
detected. 

Steam-flow Meters. Although these are not 
frequently found in connection with ordinary 
steam-engines, they are of value in determining 
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the amount of steam taken by the engine and 
indicating any deviation from the normal. 
Where steam is extracted from the engines for 
manufacturing purposes, steam flow meters in 
the extraction mains afford a ready means of 
checking the steam quantities used in the 
process work. 

Thermometers. These are required to indi- 
cate the temperature of the steam, condensing 
water, and lubricating oil. Lower initial steam 
temperatures than the normal, lead to increased 
steam consumption ; high oil temperatures indi- 
cate defects in the lubricating system or impend- 
ing seizure of the bearings, and an abnormal 
temperature rise in the condensing water, points 
to defects in condensing plant or water supply, 
and leads to reduced vacuum. 


MACHINE CONSTRUCTION AND DRAWING 


By G. Woop, A.M.I.MECH.E. 


LESSON IX 


Drawing for Design. We have, in previous 
lessons, considered the place of machine draw- 
ings for shop purposes only. As an appendage 
to this purpose, the drawing is often used as an 
aid to design. In such instances the drawing 
is extended beyond the requirements of the 
shops, and lines are drawn solely for the use of 
the designer. In practice this auxiliary draw- 
ing is frequently done on tracing paper above 
the working drawing. 

An example where such auxiliary drawing may 
be required is given in Fig. 1, which shows the 
forked end of a forged steel connecting rod. 
We may assume the general part of the draw- 
ing to be complete, the lines of intersection of 
surfaces having been drawn in accordance with 
the method described in the last lesson. The 
working loads on the rod, for one direction of 


engine stroke, are as indicated, and to obtain an 
approximate value of the maximum stress 
induced in the forks it is necessary to find both 
the “moment of inertia ” and the “ bending 
moment ” at various sections. 

The fork being symmetrical, about the centre 
line of the rod, for both form and loading we may 
consider one side only. The bending moment 
at any section of the fork depending upon the 
perpendicular distance of the centroid of the 
section from the line of application of the load, 
we first require the locus of centroids. Taking 
a section at ab, the outline of this section approxi- 
mates to a rectangle and we may, with sufficient 
accuracy, assume a straight line replacing the 
curve and so produce an equivalent rectangular 
section aa, bb. The centroid of this section, of 
course, lies at O, the intersection of its diagonals, 
and this point may be transferred to the section 
line ab on the fork. Points on the locus, 
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for other sections, may in like manner be 
quickly produced and a regular curve OC 
drawn. Returning to the section ab, we have 
where— 


B.M. = bending moment in pounds-inches. 
P = total load on rod in pounds. 
I = moment of inertia of section about 
its neutral axis. 
F = force normal to section in pounds. 
A ? 
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With experience, the section sustaining the 
greatest stress can, with sufficient accuracy, be 
readily assumed. Until such proficiency is 
attained it may be advisable to take three or 
four sections at regular intervals along the locus 
of centroids and, finding the stresses induced, 
plot the results against the relative position of 
the sections. This has been done for the above 
rod, and the results plotted as in Fig. 2. It will 
be seen that the resultant curve suggests the 
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b 
a g 
k 
fe = total compressive stress induced in 
pounds per square inch. 
P ali 
BV = a ae 
Pl 12v 
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Also, the stress induced by the force F 
eee 
fe oad bd 


and fe =fi + fo 


It will be observed that the force F has been 
found graphically by drawing a line from the 


; : JE 
point O, representing, to scale, the force zand 


lines normal to and parallel to the section ab, 
thus defining the two component forces F and 


section of maximum stress to lie between the 
sections ef and gh at a distance of 1-8 in. from 
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FIG. 2 


ef. Also the corresponding maximum stress is 
5,700 lb. per sq. in 


Areas of Passages. In both the generation 
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and transmission of power, the passage of gases 
and liquids is a very common requirement. 
Consequently many machine parts have, in 
addition to their chief function of controlling 
the flow of the gas or liquid, to provide a definite 
area for the flow of the same. An example is 
given in Fig. 3, which shows the body of a valve 
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sponding passage widths w, w3, etc. Finally, 
transfer these passage widths to the correspon- 
ding normal plane lines, and the outline of the 
area of intersection of the plane ab can be 
drawn. 

In finding the area of the intersection, as 
shown shaded in Fig. 3, we may adopt a rule 


FIG. 3 


required to pass a given volume of steam at a 
specified speed. 

In drawing an outline of the valve body it is 
necessary to check the area of the passage of 
irregular outline between the branch d and the 
valve seat D. To avoid an increase in speed of 
flow the minimum area normal to the flow must 
be equal to the area through the branch d. It 
is evident that the minimum section will lie in 
the plane passing through the points o, a, and 
b, and normal to the direction of steam flow. 
We may now consider the method of producing 
an outline of the intersection of this plane 
through the valve body. First represent a 
number of horizontal planes by the lines hy 
h. etc., vertical planes as marked 7, 75, etc., 
and normal planes as marked m,, n, etc. Next 
draw arcs from the centre p, having radii 7,, 
Y etc., the points of intersection of these radii 
and the horizontal plane lines giving the corre- 


such as Simpson’s or the more approximate, 
but often sufficiently accurate, method of taking 
a regular figure of approximate equivalent area. 
The method commonly adopted in practice is 
to find the area by means of a planimeter, an 
instrument found in the equipment of most 
drawing offices. 


EXERCISE 


Make a drawing of the two views of the forked end 
of the connecting rod shown in Fig. 1, with the indefinite 
dimensions according to the following table— 


D R Y ja B 


7$ in. 12 in. 84 in. 23 in. 8 in, 


Next proceed, in accordance with the above method, 
to find the maximum stress induced in the fork if the 
greatest load P taken by the rod is 70,000 Ib. 
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GAS ENGINES AND PRODUCERS 


By ARNOLD RIMMER, B.ENG. 


LESSON VI 
REPRESENTATIVE ENGINES 


Havine considered some of the principles 
involved in the operation of gas engines, atten- 
tion will now be directed to the methods of 
carrying these out in practice, and the various 
details of design: and construction incorporated 
in modern engines. It will, of course, be 


tooh.p. engine manufactured by them are 
shown in Figs. 20 and 21. 

The strong, well-proportioned yet simple 
construction is immediately obvious. The bed- 
plate and outer casing of the water jacket are 
formed in one piece, with a channel round the 
base which serves to collect any waste oil. The 
cylinder proper, or “liner,” as it is generally 
termed, is a separate simple casting of special 
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realized that in this, as in other branches of 
engineering, there are often several methods of 
effecting the same purpose, and hence, while 
gas engines of to-day follow mainly one or other 
of certain definite types, there yet remains a 
considerable amount of variation in regard to 
detail. Space will not permit of an examina- 
tion of all the excellent designs at present on 
the market and it will, of course, be understood 
that no reflection is intended or implied on those 
makers whose engines are not included in the 
following descriptions. 

Single-cylinder Horizontal Engine. The usual 
type of engine for small and medium powers 
is the single-cylinder single-acting type, working 
on the four-stroke cycle with an output of any- 
thing from 2 to 150h.p._ By the courtesy of 
Messrs. Crossley Bros., Ltd., details of the 


hard iron, held at one end between the “ breech- 
end ” and water-jacket casing, and free to move, 
parallel to its length, at the other end, where it 
passes through a cylindrical hole in the water- 
jacket casing. The joint at this point is made 
by rubber rings of square section fitted in grooves 
on the outside of the liner, a construction which 
is very general and entirely satisfactory. The 
breech end, being overhung, allows of free 
access to the valves and their operating gear. 
The cylinder, of course, is open at the front, 
and the piston also acts as a crosshead. Hence, 
it is of the “ trunk ” type, ie. long as compared 
with its diameter. It is made of the same hard 
cast iron as the liner, and is fitted with a num- 
ber of narrow rings. These are of the ordinary 
Ramsbottom type, the pegs in the grooves 
which prevent the movement of the rings round 
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the piston being “ staggered,” so that the joints 


ENGINEERING EDUCATOR 


are not all in one line. 
The connecting rod is of the marine type, 


other wearing parts have large surfaces, while 
cams, rollers, pins, etc., which are subjected to 
heavy pressure are hardened and ground to size. _ 


FIG. 21. CROSSLEY 100 B.H.P. Gas ENGINE 


and made of high grade steel. The big end 
bearings are lined with white metal, those of 
the gudgeon pin being of phosphor bronze, 
and both are adjustable. All bearings and 
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BREECH EnD (CROSSLEY) 


Balance weights are fitted on the crankshaft 
and an oil guard is attached to the bedplate, 
so that any superfluous oil thrown off the big 
end is caught, and drains down into the bottom 
of the bedplate together with that from the 
cylinder, main bearings, etc. 

The valves are of the mushroom type, and 
are operated through rocking levers from cams on 
the side shaft, the latter being carried in bear- 
ings attached to the water-jacket`casing. Hence, 
the breech end (Fig. 22) could be removed 
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without disturbing any gear except the con- 
necting pipes. 

The valves are returned to their seats by 
means of springs working in compression. As 
will be seen from Fig. 23, the inlet valve is 
fitted in a separate casing or “ cage,” the gas 
valve being mounted on the same spindle. To 
ensure accurate seating of both valves a spring 
is fitted between them, which allows of slight 
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relative movement along the axis of the spindle, 
The inlet valve opens first, admitting air only. 
and the spring between the valves expands 
somewhat. Then the collar on the inlet valve 
spindle comes in contact with the end of the 
gas valve and the latter is opened. Similarly, 
the gas valve closes slightly before the inlet 
valve.- It will be noticed that all the valves 
work in long sleeves, and this is quite satisfac- 
tory in preventing leakage. The inlet valve is 
slightly larger than the exhaust valve, but the 
latter is easily withdrawn through the space left 
by the inlet valve casing when the same has been 
removed. 

A heavy fly-wheel is fitted and the engine 
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provided with a “ barring gear,” consisting of 
a hand-wheel and pinion mounted in suitable 
bearings. When required, the pinion can be 
brought into engagement with teeth on the 
inside of the fly-wheel rim. 

Ignition is effected by low tension magneto 
operated off the end of the side shaft, and the 
latter is also utilized for driving the governor 
and the mechanical lubricator. Special attention 


PREMIER 500 H.P. MULTI-CyLINDER GAs ENGINE 


will be devoted to these features in subsequent 
lessons. 

Multi-cylinder Engines. Experience has 
shown that the maximum power that can be 
developed in a single cylinder without water- 
cooling the piston is about 150h.p. For 
higher powers, therefore, it is necessary to 
increase the number of cylinders or fit a larger 
piston and water-cool it. The latter intro. 
duces several difficulties, and so is generally 
avoided whenever possible. In connection with 
the increase in the number of cylinders, one 
scheme is to place two similar engines side by 
side with the fly-wheel between them. The 
cranks are in line, one piston being on the 
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expansion stroke while the other is on the 
suction stroke. This arrangement, of course, 
gives one impulse per revolution, and is a 
practice adopted by several makers. 
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reproduced. Fig..24 shows a general view of 
the four-cylinder engine, a section through the 
same being shown in Fig. 25. 


The bedplate is of massive box form, and 


Fic. 
The Premier Gas Engine Co., Ltd., of 
Sandiacre, nr. Nottingham (now part of the 
firm of Messrs. Crossley Bros., Ltd.), have 
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carries the crankshaft in large main bearings. 
The cylinder-jacket casings are separate cast- 
ings and are bolted to the bedplate. There are 


Fic. 26. 


standardized a design of horizontal multi- 
cylinder engine, which has been used extensively 
in connection with electrical generation and 
other industrial purposes, and by their per- 
mission, illustrations of the same are here 
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” 


no loose “liners ” in the ordinary sense of the 
word, each breech-end and cylinder proper 
forming one plain casting which passes through 
the water-jacket casing, the joint at the front 
end being made by rubber rings in the usual 
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manner. The back of each breech-end is cast 
open, and is afterwards fitted with a cylindrical 
cover which completes the water-jacket system 
and, at the same time, allows of free expansion 


7. ADMISSION VALVE CASING (PREMIER) 


of the inside walls of the breech-end when 
heated. As will be seen from Fig. 26, the 
removal of these covers provides easy access to 
the jackets for cleaning purposes. 

The valves are arranged in a manner similar 
to that on the Crossley engine already described, 
but are operated from a camshaft running across 
the back of the cylinders, which is placed so 
that the cylinder covers may be removed with- 
out disturbing it. The camshaft is driven 
from the crankshaft through a side shaft and 
helical gearing working in oil baths. (On all 
engines working on the four-stroke cycle the 
camshaft, of course, rotates at one-half the 
speed of the crankshaft.) The exhaust valves 
are water-jacketed, and both they and the 
admission valves are fitted with duplicate 
springs which may be removed or replaced 
while the engine is running (see Fig. 27). 

The connecting rods are made from mild 
steel forgings, and are provided with a flat foot 
at either end to which the marine type bear- 
ings are spigoted and bolted. The big-end 
bearings are steel castings lined with white 
metal, while those of the small end are of gun- 
metal. The gudgeon pins are attached to the 
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pistons by two studs and special cap nuts, 
securely locked, and holding them firmly 
against semicircular bosses which embrace 
only half of the gudgeon pin ends (Fig. 28). 
The small end bearings and gudgeon pins can 
be removed, therefore, without disturbing the 
pistons. 

Lubrication of the main bearings and crank 
pins is effected by a valveless oscillating pump 
driven from the side shaft, while mechanical 
lubricators, operated from the camshaft, supply 
oil to the cylinders, gudgeon pins and exhaust 
valve spindles. The top portion of the bedplate 
is completely enclosed by special oil guards, 
which are hinged at the front and are easily 
lifted for inspection purposes. 

Governing is effected by throttling the gas 
supply and, in addition, that to individual 
cylinders can be completely shut off at light 
loads. A separate air throttle on each cylin- 
der allows of any required adjustment of the 
mixture strength. 

The magnetos are operated by eccentrics on 
the camshaft, the timing, of course, being 
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Fic. 28. Piston (PREMIER) 


adjustable even while the engine is running. 
The ignition plugs are placed almost in the 
centre of the cylinder ends, the compressed air 
starting valve coming immediately below. 

The fly-wheel, of course, is keyed to an 
extension of the crankshaft, the outer end of 
the latter being supported in a ring oiled bearing 
on a suitable pedestal. 
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By A. Orton, A.M.I.MECH.E. 


LESSON VI 


THE ESSENTIAL PARTS OF A 
DIESEL ENGINE 


THE purpose of the preceding sections has been 
to make clear what actually happens in the 
cylinder of a Diesel engine. We may now con- 
sider what the various parts are that make up 
a complete Diesel engine installation, and how 
those parts are arranged relative to each other. 
For this purpose we give, in Figs. 9 and 1o, 
diagrams showing a complete four-stroke air 
injection engine and a complete two-stroke air 
injection engine respectively. The various parts 
are indicated by letters, and their names are 
given below the figures. The whole system will 
be clearly understood by following out the paths 
of the various fluid elements, and briefly referring 
to the functions of the different parts. Before 
doing this, however, the method of setting the 
engine in motion must be explained. 

Most oil engines, the Diesel engine included, 
which are too large to be started by hand, are 
started by compressed air. In the cylinder 
head there is a valve, Q in diagrams, which is 
operated by a lever and cam, driven from, and 
timed with, the crankshaft. When starting the 
engine this valve is open for a period of about 
50 per cent of the working stroke from the top 
dead centre, admitting high pressure air to the 
cylinder, which, acting on the piston (just like 
steam in a steam-engine), sets the engine in 
motion. A simple mechanism ensures that, 
while the starting valve lever is in engagement 
with its cam, the fuel valve cannot be opened, 
and consequently, no fuel can be injected into 
the cylinder. Further, by one movement of the 
lever the starting valve can be thrown out of 
action and the fuel valve brought into operation. 
The method is, therefore, to run the engine on 
compressed air for a few revolutions, during 
which it gains sufficient momentum to overcome 
the resistance of the compression stroke, and 
then to throw the starting valve out of action 
and the fuel valve into action, as described 
above. Fuel is thereby admitted to the cylinder 
at the proper moment, and firing commences, 
the engine afterwards continuing to run under 
its own power. 


Four-stroke Air Injection Engine. Referring 
to Fig. 9, the course taken by the air for blast 
and starting purposes will first be indicated. 
This air passes through the throttle valve A 
and the inlet valve B into the first-stage 
cylinder C of the compressor (here shown as 
a two-stage type, but it may have three, or 
even four stages), where it is compressed to 
about go or roo lb. per sq. in., becoming hot in 
the process. It leaves this cylinder through the 
delivery valve D, passes through the first-stage 
cooler Æ, where its temperature is reduced again, 
and then on through the inlet valve F into the 
second-stage cylinder G, in which its pressure 
is raised to that of the blast air. From this 
cylinder the air is forced through the delivery 
valve H and the second-stage cooler J into 
the blast air receiver K. Here two paths are 
open to it, one leading directly to the fuel valve 
L when the engine is running, and the other 
into the starting air receiver P, into which a 
portion of the air is allowed to pass whenever 
the receiver needs recharging. Control valves 
are fitted as shown. When starting, the large 
valve on the top of the receiver P is opened 
and the air passes to the starting valve Q. 

Air for combustion is drawn into the 
main cylinder through the pipe R and 
the suction valve S, and after combustion 
passes out to atmosphere through the exhaust 
valve T. 

Fuel oil is contained in a tank U, from which 
it flows by gravity to the fuel pump V. By the 
action of the plunger W it is drawn through the 
suction valve X and a measured charge is 
pumped once per cycle through the delivery 
valves Y to the fuel valve casing L, where it 
lies ready for injection into the cylinder when 
the valve opens. 

Two-stroke Air Injection Engine. The differ- 
ence between Fig. 9 and Fig. ro lies solely in 
the arrangements for the supply of the air for 
combustion. In this figure R represents the 
cylinder and piston of an air pump, which may 
be driven directly from the engine or independ- 
ently by any convenient means. Atmospheric 
air is drawn in through the inlet valve a and 
is pumped through the delivery valve b to the 
scavenge valves s in the cylinder head, the 
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‘delivery piping system being of such a volu- 
metric capacity as to prevent too great a variation 
in air pressure during the scavenge period. 
When the scavenge valves open the air rushes 


Fic. 9. DIAGRAMMATIC REPRESENTATION OF COM- 
PLETE FOUR-STROKE AIR-INJECTION ENGINE 


Compressor inlet. 


= P = Starting air receiver. 
= L.P. suction valve. 


= Starting valve. 


L.P. cylinder. = Air inlet pipe. 
L.P. delivery valve. = Air suction valve. 
L.P. cooler. Exhaust valve. 


Fuel tank. 

Fuel pump. 

Fuel pump plunger. 

= Fuel pump suction valve. 
= Fuel pump delivery valves. 


H.P. inlet valve. 
H.P. cylinder. 

H.P. delivery valve. 
H.P. cooler. 
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= Blast air receiver. 
= Fuel valve. 
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into and fills the cylinder, and, on the comple- 
tion of the cycle of events already described, the 
exhaust gases are expelled through the exhaust 
ports T. 

Solid Injection Engines, Two- and Four-stroke. 
To agree with engines of the solid injection type, 
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Figs. g and ro need only the elimination of the 
air compressor, blast receivers and blast piping. 
The starting air receivers have to be filled from 
some other source, usually an independent 


pias 

A 
lay 

v 


Fic. 10. DIAGRAMMATIC REPRESENTATION OF COM- 
PLETE TWO-STROKE AIR-INJECTION ENGINE 


A = Compressor inlet. R = Scavenge cylinder. 

B = L.P. suction valve. S.: cavenge air valves. 

C = LPi cylinder, Ti Exhaust ports. 

D = L.P. delivery valve. U = Fuel tank. 

E = L.P. cooler. V = Fuel pump. 

F = H.P. inlet valve. W = Fuel pump plunger. 

G = H.P. cylinder. X = Fuel pump suction valve. 
H = H.P. delivery valve. Y = Fuel pump delivery valves. 
J = H.P. cooler. a =Scavenge pump suction 
K = Blast air receiver. valves. 

L = Fuel valve. b Scavenge pump delivery 
P = Starting air receiver. valves. 

Q 


= Starting valve. 


compressor, which only needs to be put into opera- 
tion when the receivers require recharging. The 
fuel pump shown in Figs. 9 and To does not, how- 
ever, represent correctly either of the two main 
types in common use on solid injection engines. 
In one of these the pump delivers every 
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revolution a fixed but excessive quantity of oil 
into a pipe-line to which all the fuel valves are 
connected, and in which a more or less constant 
pressure is maintained by means of a spring- 
loaded relief valve through which the surplus 
oil passes back to the fuel tank. The quantity 
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the different parts which make upa Diesel engine, 
we give in Fig. 11 a line drawing of a complete 
installation in its simplest form. This shows 
all the necessary auxiliaries, such as the start- 
ing and blast air receivers, fuel tank, water 
circulating pump, exhaust piping and silencer, 


circulating 
Water Outlet 


Fic. 11. SIMPLE INSTALLATION OF SINGLE-CYLINDER ENGINE 
DRIVING a DYNAMO 


entering the cylinder is timed and regulated 
according to load by mechanical control of the 
fuel valve lift. In the other case the fuel pump 
measures the correct quantity of fuel oil and 
forces it, at the right time once per cycle, through 
an automatic spring-controlled injection valve 
in the cylinder head. 

The first of these systems is commonly called 
the “ constant pressure rail” system, whilst 
the second is known as the “ individual pump 
injection ” system. 

A Simple Diesel Engine Installation. As 
an appropriate conclusion to the foregoing 
explanation of the arrangement and working of 


and represents a typical layout of a single- 
cylinder engine driving a dynamo. As installa- 
tions become larger there is, naturally, a ten- 
dency to greater complexity as regards the 
auxiliaries, such as the provision of large storage 
vessels for the fuel oil, sometimes with heating 
arrangements if the oil is thick and heavy, 
cooling towers for the circulating water and 
auxiliary separately driven air compressors as 
a stand-by to those on the engines. This 
tendency applies, however, to all types of prime 
movers and does not materially modify the 
self-contained character of a Diesel engine 
installation. 
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By Percy C. R. Kinescorr, DIC, A.R.C.Sc., F.1.C., B.Sc.(Lonp.) 


LESSON V 
HOT BLAST STOVES 


THE use of heated blast is due to the investiga- 
tions, in 1828, of Neilson, whose earliest appara- 
tus consisted of a series of pipes externally 
heated by coal fires. Later, the waste gases of 
the furnace were utilized, the heating apparatus 
being placed on the top of the stack where the 
burning gases from the open throat were passed 
through a nest of pipes. Naturally, the tem- 
perature achieved in this process was strictly 
limited owing to the corrosion of the iron tubes. 
Until the invention of the firebrick regenerator, 
the heating of the blast was accomplished 
in a developed form of this early type, such 
pipe stoves being predominant for about 50 
years. 

The Iron Pipe Stove consisted of a brick cham- 
ber containing vertical rows of cast-iron 
inverted U-shaped pipes, reaching nearly to the 
roof of the chamber. These pipes were fixed 
on cast-iron bed-plates which were, in turn, 
bolted together on a strong masonry founda- 
tion. Beneath the floor of the chamber were 
arranged horizontal lengths of pipes with 
vertical partitions, and with connections to the 
U-pipes, the whole thus forming a continuous 
pipe of considerable length, augmented by the 
fact that the foundation pipes were joined in 
series and the U-pipes in parallel. Joints were 
made with the well-known mixture of iron 
filings and ammonium chloride, and were pro- 
tected by brickwork. In order to prevent the 
burning gases from passing direct to the chim- 
ney flue, brickwork baffles were built in position 
in the pipe chamber. The pipes were elliptical 
in cross-section in order to achieve the maxi- 
mum thermal efficiency, but the temperature 
was limited to about 900° F., higher tempera- 
tures causing pipe failure. The temperature 
sustained by such stoves was naturally of a 
straight: line nature. 


THE FIREBRICK STOVE 


The firebrick stove consists of an outside steel 
shell up to about 25 ft. in diameter, and from 
80 to 100 or more ft. in height, and provided 
with a steel plate dome. 

31—(5462) 


~ It has two essential components, the combus- 
tion chamber and the regenerator chamber of 
checker work, both being built of firebrick. The 
shell is provided with suitable openings for the 
inlet of gas and cold blast, and the outlet of hot 
blast and chimney gases. The operation of a 
stove, unlike its predecessor the pipe stove, is 
intermittent ; it is first heated to a suitable 
temperature by burning gas in the combustion 
chamber, the products of combustion heating the 
checkers and passing to the chimney, and 
secondly, the blast is heated by passing cold 
air from the blowing engines through the stove 
in the opposite direction. Naturally, during the 
two phases, the appropriate valves are open or 
shut as necessary. 

Operation. The heating phase is accomplished 
with the gas and chimney valves open. To 
change over, the gas valve is closed and the 
port fastened up. The chimney valve is then 
closed securely. The stove is now bottled and 
can be left until required. The second phase 
is put into action by cautiously opening the cold 
blast main until the pressure in the stove is 
the same as the air in the cold blast main ; 
when this is done, the hot blast valve into the 
hot blast main to the furnace can be opened. 
To reverse the process, the hot blast valve is 
shut, the cold blast valve is shut, the pressure 
in the stove is released through a “ blow-off”’ 
valve, the chimney valve is opened, and then the 
gas valve is opened cautiously until the gas 
ignites on the hot brickwork, or is ignited by 
suitable means. 

Classification. The passage of burning gas 
up or down a stove constitutes a pass. The 
combustion chamber is arranged sometimes in 
a central position, but generally at the side. 
Stoves can thus be classified as two- or three- 
pass side or central combustion chamber types. 

The original Whitwell stove consisted of a 
central combustion chamber and ten small 
passes, which number was subsequently reduced 
to four. 

The position of the combustion chamber, the 
number of passes, the size of the stove, and 
the shape and size of the checkers have been 
the subject of considerable experiment in the 
evolution of the modern stove. 
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Two-Pass STOVES 


The Cowper Stove, one of the earliest forms, is 
a two-pass stove, but has had central and side 
combustion chambers. A section of a typical 
two-pass stove is shown in Fig. 18. As with 
other two-pass stoves, the valves are con- 
veniently situated at the bottom of the stove, 
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FIG. 18 


D Hot blast valve. 

B Combustion chamber. E Gas valve and burner. 
C Chimney valve. F Cleaning doors. 

H Cold blast valve. 


A Checkers. 


thus giving free access to stove-minders. The 
central and side types each have their advan- 
tages ; the first has a low radiation loss, and the 
second ensures the use of the greatest area of 
checker work, and is easier to clean out. Other 
examples of two-pass stoves are the Roberts, 
Kennedy, and McKee-Nelson. 

Modern practice is in favour of two-pass 
stoves, 
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THREE-PASS STOVES 


The waste gas outlet in this type is at the 
top of the stove, hence, by the addition of a 
short stack to the dome of the stove the neces- 
sary draught is immediately obtained. 

The combustion chamber is arranged cen- 
trally, the last pass being in an upward direc- 
tion in the outer zone of the stove. An early 
form of construction was due to Massick and 
Crookes. Modifications are the McClure and 
Roberts stoves. 

These stoves have fallen into disfavour with 
modern furnace men on the economy compared 
with a two-pass stove, as it is considered that 
a down-pass for the burning gas is more effici- 
ent than an up-pass in the absorption of heat. 
In an up-pass the tendency of the gases is to 
avail themselves of the hotter passages in the 
checker work and in the cooling process, the 
cold air tends to take the path of least resist- 
ance down the coldflue. (Kennedy—Proc. Eng. 
Soc. W. Penna, 1926, 4I, 425.) 


STOVE CONSTRUCTION 


The base on which the stove rests should be 
built of cement in order to prevent leakage, and 
the bottom plates should be of extra strong 
construction on account of the necessary reduc- 
tion in strength, due to the valve openings and 
other ports, and to a tendency towards corrosion. 
In some modern construction, the stove base is 
lifted off the ground. (See Fig. 19.) 

Between the shell and the firebrick lining there 
is allowed an expansion space of about 2 in., 
which is sometimes filled lightly with non-con- 
ducting material, although some authorities 
state that this is unnecessary in a well-con- 
structed stove. Similarly, a space is left for 
vertical expansion under the dome casing. 

The checker work completely fills that por- 
tion of the stove not allotted to combustion 
chambers, and is built in the form of vertical 
flues with square, circular, or hexagonal cross- 
section. This brickwork rests on a series of 
arches built of firebrick, or on metal grids sup- 
ported on suitable columns about 2 to 3 ft. in 
height, and reaches to the top of the cylindrical 
shell, where it can be examined for cleaning 
purposes through manholes situated a short 
distance below the springing of the dome and 
at the top of the dome. 

Checkers are various in size and shape. 
Modern practice is to use standard brick shapes 
2 to 24in. thick, and to provide flue openings 
about 3} to 5in., although smaller ones have 
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been successfully operated on clean gas. When 
crude gas was used the openings were made 


Se al 
Fic. 19. SHOWING BATTERY OF FOUR BRASSERT 
Two-pass, SIDE-COMBUSTION TyPE Hot BLAST STOVES 


Each stove has a heating surface of 62,000 sq. ft., and is equipped 
with water-cooled hot blast valves, and with quick-opening 
chimney valves 


(H. A. Brassert & Co., Ltd.) 


up to gin. across, as the walls quickly became 
encrusted with dust. It is essential that the 
checker bricks retain their thermal capacity, 
and that they keep their shapes under the stress 
of operation without vitrifying. 


STOVE VALVES 


Stove valves are five in number, each being 
designed in several forms. 

The Hot Blast Valve must withstand very 
high temperature, and is usually of the water- 
cooled type. It is sometimes constructed in the 
mushroom pattern with water-cooled seating, 
and often as a water-cooled gate valve. Owing 
to the fact that leakage of water causes trouble 
in the furnace, these valves are sometimes not 
water-cooled, and it is claimed that they last 
as long as the latter kind, although this is open 
to doubt. 

‘The Cold Blast Valve merely admits blast at 
a temperature a little above atmospheric, and 
is usually of the gate type operated by hand- 
wheel and rack. It is sometimes associated 
with the chimney valve construction, but is 
better as.a separate item owing to losses through 
leaking chimney valve seatings. 

The Chimney Valve, having to withstand high 
temperatures, is sometimes water-cooled, as is 
its seating. Mushroom valves are usually 
fitted, although successful use has been made of 
modifications of the Spearman burner. 
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If the stove works efficiently, water-cooling is 
unnecessary. 

The Weinel patent chimney valve, Fig. 20a, 
reproduced by permission of Messrs. Brassert 
& Co., is such that the valve is carried at 
the end of an arm rigidly mounted on a 
shaft extending through the wall of the 
casing. The counterweight is elevated when 
the valve is closed, and opening of the 
valve is effected by causing a downward 
movement of the counterweight. It requires 
only a few pounds force to operate the valve, 
and such valves have been in use for years 
without repairs or leakage. 

The Gas Valve and Burner. The gas valve 
deals with moderate temperatures and is not 
water-cooled. The most widely used type is 
the Spearman, and its modifications. (See 
Fig. 20B.) 

This type consists of a movable pipe 
leading horizontally into the combustion 
chamber port. The flow of gas is controlled 
by a rack which, when in its back position, 
cuts off the gas entirely. Modifications 
include the type wherein the delivery pipe 
is revolved into position before the gas port 
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Fic. 204. Hot Brast Stove ‘‘ WEINEL ” 
CHIMNEY VALVE 


(H. A. Brassert & Co., Ltd.) 
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and the gas controlled by a slide valve. Primary 
air enters by a central tube, secondary air being 
admitted at the stove door, or by means of other 
aeration ports arranged in the stove casing. 
When the stove is on blast, the gas and air 
ports are closed by means of doors fitting 
tightly on seatings. Very efficient burners, based 
upon the Bunsen, are also in use, e.g. the Brad- 
shaw, Boynton, Landgrebe, and Thompson. 
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this knowledge in their system of combustion, 
whereby the thermal transmission of the gases 
to the checker surface is increased by accelera- 
ting the current. The burning gases, by suit- 
able pressure of air, are caused to partake of a 
violent turbulent motion in the flues, which 
causes the molecules of gas to rebound from the 
brickwork into the current. The eddies pro- 
duced bring all the particles into contact with 


ipx 
Z 


SSS 


C OME CMLL ADIT OD DLL LAEY LL LIL LL LELILIL LILIS ATIII 


SSS 


SSN 


ZS 
PT] 


a 


Fic. 208. GAS VALVE AND BURNER 


For full descriptions of burners, the student is 
recommended to read articles written by Diehl 
before the Amer. I. S. Inst., 1915, and by 
Huessener before the Amer. Inst. Min. Eng., 
1910. 

In order to avoid building larger numbers of 
stoves or increasing the size of present stoves, 
systems of forced combustion have been intro- 
duced, in which the gas and air are correctly 
proportioned under variable conditions. The 
first apparatus was designed to bring the gas 
to a uniform pressure. Later ones are— 

P.S.S. System. It has been demonstrated 
that when the rate of passage of burning gases 
increases beyond a certain point, the chimney 
losses decrease, the efficiency of the stove 
thereby increasing. Messrs. Pfoser and Strack, 
of the Stumm works at Neunkirchen, utilized 


the brick surface, thus making them give up 
their heat more rapidly. The heating period 
of the stove is thereby shortened. According 
to Rowe, by using cleaned gas and special 
Schiffer-Strack bricks, the resultant efficiency 
of the stove was 86 per cent, against 60 per cent 
for dirty gas under ordinary conditions. 

The Steinbart Burner and Regulator is an 
automatic arrangement, whereby the ratio of 
air under pressure and gas is kept at the correct 
one for efficient combustion. The regulator, 
due to Hagan, is of the differential pressure 
type, and by pneumatic apparatus operates a 
butterfly valve, which regulates the quantity 
of air admitted. This burner is very efficient, 
both on crude and clean gas, although best 
results are obtained with the latter. 

(Continued on page 479) 
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PATTERN-MAKING AND FOUNDRY WORK 


By J. McLAcHLAN anv C. A. OTTO 


LESSON VI 
BARREL CONSTRUCTION 


BoxED-upP construction, in many cases, con- 
sists of lagging fastened to grounds, and pattern 
makers usually identify lagged work as barrel 
making. When a comparatively long cylindri- 
cal form of over 6 in. diameter has to be made 
it ought to be built with lagging on grounds. 
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HALF OF BARREL WITH CROSSED 

GROUNDS AND STRIPS A.A” WHICH 

PREVENT GROUNDS FROM BEING 
KNOCKED IN 


Fic. 15 


Built thus it will be much more durable than if 
made from- solid timber and, incidentally, it 
would be much lighter. There cannot be too 
many grounds, and if the number is limited so 
that they are placed too far apart in a long 
barrel, the pattern will not long withstand the 
rather rough usage of the foundry. The shape 
of the grounds is determined by the size of the 
barrel, as the staves should not be wider than 
44 in., thus they may be hexagonal, octagonal, 
etc. 

In commencing to make a barrel, the con- 
struction view of the end should be set down in 
the first place. Very little should be left for 
turning at the middle of the staves. The 
grounds should not be drawn and sawn separ- 
ately, but those for each half screwed together, 
both faces of each ground and one edge having 
been planed. The two sets should then be 
dowelled together, centre lines drawn on the 
faces and squared on the ends The shape can 
then be drawn on each end, whether they are 
for canted or circular grounds, and, after being 
bandsawn, they may be either planed or sand- 
papered on a disc machine. With regard to the 
staves, very little hand-planing should be 
necessary if care is taken in setting the planing 
machine fence at the correct angle. The 


staves should not be left more than +5 in. larger 
than the finished size. When the staves have 
been screwed on the grounds, these holes are 
plugged, and for this purpose short lengths of 
wood having the grain running with the staves 
may be planed up. These plugs should be 
tight-fitting, and driven in after being dipped in 
hot glue. (See Fig. 15.) 

Large Barrels. While the construction 
described above is satisfactory for small barrels, 
it is really suitable for large barrels that have to 
be made in halves, although in some pattern- 
shops the grounds for the largest size of barrels 
are made of two thicknesses of timber crossed 
and without any additional staying. A better 
form of construction consists of two thicknesses 
of 1 or I4 in. timber crossed with suitable stays. 
After these grounds have been built up they 
should all be screwed together, and the slots 
sawn out at the band-saw. In building a 
barrel of this description the stays should first 
be screwed into position. The stays should be 
about 4 in. wide and 2 in. thick, with a check 
or shoulder at least }in..deep. Fig. 16 shows a 
very suitable construction for a large barrel to 
be made in halves. 

End Moulded Barrels. Barrels for end mould- 
ing must be tapered, the amount of taper 
depending to some extent on the requirements 
of the foundry, but we shall not concern our- 
selves here with taper, but confine our attention 
to actual constructional details. For small 
sizes—up to I2in. in diameter—the grounds 


LARGE HALF-BARREL CONSTRUCTION 
WITH BUILT GROUNDS AND STAYS. 
(WITHOUT STAVES.) 


FIG. 16 


should be of crossed timber as for half-barrels, 


` put instead of stays, frames or boards about 


13 or 2 in. thick are used to support the 
grounds. An important feature of this con- 
struction is that, if a plate is set into the bottom 
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ground and a lifting rod lowered through the 
pattern, the frames which clear the centre serve 
as a guide for the rod, 

With barrels that are not in halves and that 
are of larger size than the foregoing, rings must 
be built segmentally, either four or six segments 


CONSTRUCTION FOR LARGEST TYPE 
OF BARREL, WITH PROVISION FOR 
TWO LIFTING RODS. 
(WITHOUT STAVES.) 


Fic. 17 


to the diameter, and stays and cross rails 
screwed on the under side of the frames or built 
into the rings for the lifting rod. For the very 
largest type of barrels two lifting rods may be 
necessary, and the frames must be strengthened 
on either side of the rods. Fig. 17 shows such 
a barrel, while Fig. 18 illustrates another but 
similar construction for barrels of medium size. 

So far we have only dealt with parallel 
barrels, but barrels have frequently to be made 


VERY SATISFACTORY 
CONSTRUCTION FOR 
MEDIUM SIZED BARREL. 


Fie. 18 


for large valves. A very common design of 
valve is that known as the through valve. For 
small and medium sizes these may be made solid, 
but when large it is necessary to build them, 
The grounds are crossed in the usual way, but 
the lagging must be sawn to allow at least 
7; in. for turning and, in order to economize 
timber as well as to reduce weight, they should 
not be more than 2 in. wide. 
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For the purpose of this article boxing-up may 
be defined as the construction of square, rectan- 
gular, and irregular shaped bodies which cannot 
very well be made in any other way, or because 
they lend themselves to the method more than 
to the segmental method. The method of 


BOXING UP CONSTRUCTION 
Fic. 19 


making a framed-square construction does not 
differ very materially from the method of build- 
ing a barrel. (See Fig. 19.) Frames should be 
of rails about 44 in. wide and 13 or 2 in. thick, 
but the lagging need not be more than 4 or 1 in. 
The stays are shouldered on to the frames. The 
lagging or covering boards should, for all boxed- 
up patterns, be screwed on, so that the grain 
will be vertical in the mould. If this is not done 
the side of the mould may be badly damaged 
when drawing out the pattern. For building 
very long rectangular box-shapes, various 
methods are adopted, but whichever method is 
adopted, parallel straight-edges should be in 
almost continuous use to prevent the possibility 
of a twisted construction. Frames are necessary 
for every 18 in. of length, and in some pattern- 
shops, longitudinal stays are thought sufficient. 
It is better, however, in addition to side stays 
for supporting the covering boards, to fit 
diagonal pieces. It is nearly impossible for 
work to get out of square when this is done. 

When ‘it is necessary or advisable to fill in 
the frames this is easily done by sawing checks 
from the rails, before they are screwed together, 
in order that a panel may rest on them. 


ALLOWANCES ON PATTERNS 


No pattern is made exactly to the dimen- 


‘sions of the required castings, allowances of 


several kinds having to be made.. Some cast- 
ings have a greater tendency to warp than 
others, and metals contract to some extent in 


PATTERN-MAKING AND FOUNDRY WORK 


relation to design, therefore considerable skill 
and experience are necessary to determine the 
exact allowances necessary for patterns, to 
ensure accuracy in castings. 

Contraction. The standard rule is only used 
in pattern making when getting out timber, 
contraction rules being used both for setting out 
work and during construction. Different con- 
traction rules.are used for aluminium, brass, 
iron, and steel, as metals contract in varying 
degree when cooling. The casting temperature 
of the metal influences contraction, and the 
design is often a determining factor. In shops 
where large and heavy castings are made, it 
may be found advisable to vary the contrac- 
tion for heights, lengths, and widths, while 
contraction may be restricted at one part more 
than another because of heavy cores. Foundries 
with special mixtures find the average contrac- 
tion of work by trial, and special contraction 
rules are made. The following allowances, con- 
traction per foot, are for general purposes fairly 
accurate— 

Aluminium, gin. generally, and +% in. for 
ordinary commercial aluminium which is an 
alloy ; brass and gun-metal, 3%; in. ; steel cast- 
ings, tin. ; zinc, $in.; iron, 75 in. 

Taper. Taper is necessary on nearly all 
patterns to ensure a clean delivery from the 
sand. Taper not only lengthens the life of a 
pattern, but it reduces labour in moulding 
because it minimizes making-up. Surfaces 
which cannot be seen when the pattern is being 
withdrawn should have more taper than out- 
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side surfaces, because the moulder can watch the 
latter. For outside surfaces ; in. per foot will 
generally suffice, but this should be doubled for 
inside surfaces. With ribs, if they are I in. 
thick, it is good practice to taper them from 
45 in. to I4 in. 

Machining. The method of machining, the 
size of the surface to be machined, and the 
metal determine the allowance necessary. For 
repetition work, when castings are produced by 
moulding machines and machined in jigs, 4 in. 
is sufficient for iron and steel on medium and 
small work, and }; in. for the non-ferrous metals. 
For the general run of steel castings, jin. is 
necessary, and -?; in. or 4 in. for iron, while for 
the non-ferrous metals from +% in. to gin. is 
sufficient. For very large steel castings and 
also for malleable castings, which are often 
rough and may become distorted in the anneal- 
ing furnace, $in. or more may be left for 
machining, and the back of flanges may be 
thickened. 

Warp. To counteract the tendency of cer- 
tain castings to warp an allowance, which is 
called camber, is sometimes made. The cam- 
ber necessary is invariably found by trial and 
when only one casting is required, additional 
machining may be left on machined faces for 
safety. Long castings of narrow section, with 
plates and ribs of different thicknesses, are very 
liable to warp. ‘‘ Easing ” a mould or cores, 
or uncovering part of the casting as soon as 
the metal solidifies, is frequently done by the 
moulder to counteract the tendency to warp. 


BLAST FURNACE PRACTICE 
(Continued from page 476) 


Blow-off Valves are always provided, the 
function being to release the pressure of air 
trapped in the stove after being taken off blast 
and before being heated up. They sometimes 
discharge into the chimney flue. 


EQUALIZERS 


Blast temperatures should be maintained at 
a constant level. To remedy the intermittent 
high and low temperatures produced by alter- 
nating hot and cool stoves, the equalizer, a 


steel shell filled with checker work, was intro- 
duced. This is placed between the stoves and 
the furnace. In other practice, this uniform 
temperature is achieved by the judicious use of 
a cold blast mixing valve under the control of 
the stove-minder. By this means, cold blast is 
admitted into the hot blast main connection 
to the bustle pipe. This can be assisted by 
running two stoves in parallel, one being 
changed half-way during the on-blast period of 
the second. 
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MACHINE TOOLS 


By JoserH G. Horner, A.M.I.Mecu.E. 


LESSON IX 


DRILLING AND BORING 
MACHINES 
To drill a hole is to initiate it in solid metal, to 


bore is to enlarge an existing hole. But a hole 
can be enlarged with a drill, and a hole can be 
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holes in flanges, also to avoid resetting of massive 
articles. 

Classification. These machines comprise so 
large a family, that a strict classification is 
rather obscured. They may be very roughly 
grouped thus: Bench machines for light duty 
only. Column machines in many types, bolted 
to the floor, having one or more vertical spindles, 


Fic. 42. THE DRILLING SPINDLE 


initiated with some forms of boring tools. No 
confusion, however, arises as to the meaning 
-of the terms. Broadly, the functions of 
machines for drilling and boring are as different 
as their constructions are. When a machine is 
said to be designed for both drilling and boring, 
its capacity for the latter is small. Drilling 
machines are mostly limited to that function, 
which includes reaming, and in a fair number 
of cases tapping, and boss facing, by which the 
need of shifting work between different machines 
isavoided. So too, many heavy boring machines 
include provisions for drilling and tapping stud 


in a large range of capacities, belt-, or motor- 
driven, and with many variations in the forms 
of work-holding tables. Machines bolted to 
walls, or pivoted against walls. Radial arm 
machines in all capacities, and in numerous 
designs. An important distinction is that 
between single- and multiple-spindle types. 
Another is the disposition of spindles, vertical, 
horizontal, angular, or with two or all three 
in combination. There are many portable 
machines, operated with compressed air, or 
electrically. There are specialized machines 
that come under no particular classification. 


MACHINE TOOLS 


They are mostly multi-spindle tools, built to 
deal with one article of manufacture that is 
being constantly repeated. From another 
aspect, the mechanisms of drilling machines 
would furnish much material for profitable 
analysis. The elements, the materials, speed- 
ing and feeding, the handling of work, the tools, 
might each furnish a separate study. But 
concise treatment forbids more than passing 
allusions. 

The Sensitive Machines. These are high- 
speeded, for drilling small holes only, rarely 
exceeding Iin., while the capacity of many is 
limited to 4in. Speeds range from 400 to 
2,000 r.p.m., in some cases much higher. They 
are belt- or motor-driven. Previous to their 
introduction, the smallest drill spindles were 
driven with clumsy gears. The substitution of 


the endless belt drive, and improvements in 
render the 


constructional details, sensitive 


FIG. 43. BENCH DRILL 


Drilling capacity, $in. 4 in. vertical feed, 800 and 1,200 r.p.m. 


machines hundreds per cent more efficient than 
those which they have displaced. 

The central element of a machine is the 
spindle. It affords an approximate measure 
of the size of hole that can be drilled at a given 
speed. If the tensile strength of the steel of 
which it is made is high, the diameter of hole 
will be about equal to that of the spindle. 
Much, however, depends on the way in which it 
is mounted. If with ball bearings, drilling can 
be done 50 per cent faster than with plain 
bearings. A din. hole can be drilled 1 in. deep 
in two seconds. The belt pulley is not fitted to 
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the upper part of the spindle, which would be 
liable to cause bending and whipping. It fits 
instead to a bush that surrounds the spindle, 
with radial ball races. The depth of holes that 
can be drilled depends on the range of feed pro- 
vided. This is not imparted to the spindle 
directly, but to a sleeve (Fig. 42) that encircles 
it, and receives the thrust of the drill which it 
feeds. The spindle does not make contact within 
the sleeve, but against Jower ball thrust races, 


sa 


FIG. 44. 4-SPINDLE SENSITIVE MACHINE 
(Drilling capacity 32 in. in diameter) 


and in the pulley boss above. The sleeve is of 
a high tensile steel, having rack teeth cut on it 
for the feeding pinion. The spindle is splined 
on opposite sides to balance the drive, and permit 
it to move through the pulley. Most drills have 
adjustable heads that can be accommodated to 
the descent of the spindle to steady the drill 
constantly near the work (Fig. 42). About 4 in. 
of feed is the usual limit for non-sliding heads. 
The weight of spindles is counterbalanced. 
Feeds are usually by hand lever, but in some 
recent machines automatic geared feeds are 
introduced, 
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The belt drive to the spindle starts from fast 
and loose pulleys on a countershaft, which is 
often mounted on the machine frame. Thence 
different speeds are obtained from stepped belt 


Fic. 45. 2-SPINDLE SENSITIVE 
DRILL 
(Alfred Herbert, Ltd., Coventry) 


cones, a belt, about Iin. wide going 
from a pulley on the driven shaft to the 
spindle pulley. The direction of the belt 
to the horizontal is changed at the top 
of the frame with guide pulleys (Fig. 
43), through which the tension is also 
adjusted. These, with their bearing 
brackets, are moved bodily with a hand- 
wheel and screw in the larger machines, 
and clamped. A few machines are made 
in which the stepped cones are aban- 
doned for speeding in favour of a box of 
gears, and a single pulley drive from 
the line shaft. In a Pollard machine the 
pulley makes 600 r.p.m., from which four 
speeds are obtained by the movements 
of levers, giving 400, 546, 812, and 
1,110 r.p.m. 

Super-sensitive machines wil] run at 
from 10,000 to 15,000 r.p.m., using # in. 
wire gauge twist drills held in chucks, 
with a feed of 14 in. for soft materials. 
These are made in bench and column 
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models, with perfection in manufacture, ball 
bearings, lubrication, protection that prevent 
heating and vibration during continuous run- 
ning at the highest speeds. 

Multiple-spindle Machines. These (Figs. 44- 
46) are built with from two to six spindles. The 
general outline comprises a central support on 
a broad base, the support being widened into a 
flange on which the individual columns are 
bolted, each carrying the separate mechanism 
of a single column machine. The work table 
is wide enough to embrace the pieces drilled 
under all the spindles. It is elevated with bevel 
gears and a screw, or with worm gear, pinion, 
and rack. Tables are provided with tee grooves 
for bolts, and are surrounded with a suds 
channel. When of great width they are 


stiffened laterally with ribs, and are thus 
rendered rigid without undue increase in weight. 
There are modifications in the methods of 
driving all the spindles from a single belt, 


Fic. 46. 6-SPINDLE SENSITIVE DRILL 
(Alfred Herbert, Ltd., Coventry) 


MACHINE TOOLS 


depending partly on whether the driving pulley 
at the head of the spindle has one step, or two. 
The belt coming from the rear of the machine 
is directed over jockey pulleys to the outer 
spindles, thence to the inner spindles with their 
guide pulley at the rear. On a 16 in. machine 
with three spindles the endless belt is 186 in. 
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bearings, and Fig. 49, a machine with geared 
changes. 

The Upright Group. The term denotes 
machines of heavy build, of column or frame 
type, using drills from I to 3 in. diameter, with 
a large range of speeds obtained from belted 
cones (Fig. 50), or in many later machines with 


Fic. 47. BELT Drive TO Two-stEPPED CONE ON SENSITIVE MACHINE 
(Frederick Pollard & Co., Ltd., Leicester) 


long. In this machine, as in others with two- 
stepped pulleys on the spindle, the jockey 
pulleys are self-aligning when speeds are being 
changed, to secure the correct tracking of the 
belt (Fig. 47). They swivel when the belt is 
changed, and the belt does not slip off. With 
the double pulleys and the stepped cones, six 
spindle speeds are obtained on the 16 in. 
machine, ranging from 494 to 2,618 r.p.m., and 
holes up to r} in. can be drilled. Fig. 48 
shows the fitting of jockey pulleys with ball 


gears, and feed changes with gears. They are 
fitted with fast and loose pulleys, or with a 
constant speed pulley, have spindles and sleeves 
of high tensile steel, ball bearings, and are built 
with single and multiple spindles, with varia- 
tions in the designs of tables. There may be 
eight or nine spindle speeds, and six rates of 
feed. Some of these machines have the 
spindles set at fixed centres to deal with 
articles that are being constantly repeated. 
But others are more adaptable to varied 
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service, having adjustable spindles, and some- 
times with variations in the number of 
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Fic. 48. SHOWS THE FITTING OF JOCKEY 
PULLEYS WITH BALL BEARINGS 


Tic. 50. UPRIGHT DRILL BELT-DRIVEN 
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spindles that may be in useat one time. These, 
though greatly varied in details are all gear- 


FIG. 49. SENSITIVE MACHINE WITH 
*GEARED CHANGES 
(Frederick Pollard & Co., Ltd., Leicester) 


driven. They are indispensable for quantity 
production. 

Floor Space. Probably this matter of the 
multiplication of drilling spindles is that to 
which more attention is being devoted at the 
present time than to any other aspect. With 
the economic question that is based on the 
employment of groups of single separate tools, 
or that of single.machines that include multiple 
duties the one of floor space is included. Multi- 
ple-spindle machines are economical of space in 
the proportion which the number of their spin- 
dles bears to the single spindle machines, 
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PIONEERS OF ENGINEERING 


By J. F. Corrigan, M.Sc., A.I.C. 


LESSON X 


THE FATHER OF THE 
RAILWAY 
GEORGE STEPHENSON (1781-1848) 


Or George Stephenson, the creator of our modern 
railways, there is no lack of biographies. Born in 
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GEORGE STEPHENSON 


1781, of humble parentage, Stephenson received 
no education during his early years, and, as a 
youth, he was successively employed as a cow- 
herd, a horse driver, and an agricultural 
labourer. Inventive genius, however, will out, 
and on Stephenson reaching early manhood, he 
quickly began to give evidence of his remark- 
able inventive and constructive faculties. He 
obtained a position of fireman at a coal mine, 
near Newcastle, and forthwith began to occupy 
his spare time in reading and in acquiring the 
rudiments of an education which was denied 
to him during his earlier years. 

Being promoted to the status of engineer at 
the Killingworth Colliery, near Newcastle, one 
of Stephenson’s first practical inventions was his 
miner’s safety lamp which, for a long time, was 
an active competitor of that of Davy’s. 

About the year, 1815, Stephenson made a loco- 
motive, the performance of which proved to 
be satisfactory. But Stephenson sought for 


improvement in his engine. He devised his great 
invention of the furnace blast by means of which 
the rate of combustion of the fuel is made to 
regulate itself in accordance with the work 
which the engine is performing. To this inven- 
tion alone, the science of steam locomotion owed 
much of its rapid progress. 

With the assistance of a little capital lent to 
him by interested patrons, Stephenson, in 1823, 
founded his first locomotive factory at Newcastle. 
There he set to work in earnest with the object 
of manufacturing his locomotives on a com- 
mercial scale, and- also of effecting as many 
improvements as possible in their design. 

He then brought out the tubular boiler, and 
from this time onwards he never looked back. 
In 1825, Stephenson constructed the first rail- 
way in the country. It ran from Stockton to 
Darlington, and was formally opened on the 
27th of September, 1825, the speed of the loco- 
motives employed being equal to that of a horse 
conveyance. 

The famous Manchester-Liverpool Railway, 
engineered by Stephenson, was completed in 
1829, and on this he employed locomotives of 
a new and improved design. On October 6th, 
1829, a trial of locomotives took place on that 
railway, the prize offered by the directors of 
the line for the most successful and practically 


THE OPENING OF THE STOCKTON AND DARLINGTON 
RAILWAY, 27TH SEPTEMBER, 1825 
(From a contemporary print) 


efficient locomotive being gained by Stephen- . 
son’s “ Rocket,” the average speed attained by 
this locomotive being 15 m.p.h. more than the 
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minimum laid down by the directors of the 
railway. 

Thus Stephenson’s locomotives came into 
aetive and enduring prominence, and they were 
worked successfully for many years. 

England was soon afterwards covered with a 
network of railways. The “ Railway Mania ” 
arose. Speculation was rife, and many financial 


30 YEARS AFTER “THE RocKEetT’’—A LOCOMOTIVE 
ENGINE OF THE EARLY ”‘ SIXTIES ‘ 


failures resulted. It is, however, to Stephenson’s 
credit that he always condemned rash specula- 
tion in railroad constructional undertakings. 

In 1840, Stephenson retired from active work, 
but he was nevertheless frequently consulted by 
the various railway undertakings of the country. 
Until his death in 1848, he occupied himself 
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with gardening and other rural pursuits, and 
also various lines of experimental research. 
His famous son, Robert Stephenson, followed 
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closely in his footsteps, but the pioneer work in 
railway engineering had been completed, and 
when the elder Stephenson finally took his leave 
of the affairs of men, he had the satisfaction of 
seeing his most cherished ambition—the con- 
struction of a serviceable system of railways— 
a very definitely accomplished fact. 
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By E. W. Workman, B.Sc., A.M.1.E.E., ETC. 


LESSON V 
THE MANAGEMENT 


Divisions of Management. In Lesson III we 
considered the different types of organization 
from the point of view of system, and in Lesson 
IV we discussed the type and location of the 
buildings required to house this organization. 
We shall now return to the more detailed study 
of the individuals required to carry out the 
system of management, and to the considera- 
tion of the qualifications and characteristics 
that they should possess. 

Shareholders and Directors. The types of 
organization that we are mainly concerned with 


are those which deal with large factories, which 
are owned and run by limited companies because 
of the big financial requirements. This means 
that the ultimate management is vested in the 
shareholders who are the real owners. The 
shareholders are, however, too numerous, too 
scattered, and usually too ignorant of technical 
and practical matters to be able to take a direct 
part in the actual management, and so their res- 
ponsibilities are delegated to a board of directors. 
The function of the board of directors is to 
determine the policy of the company, and the 
individual members may or may not have in 
addition any whole-time place in the detailed 
organization. It is, however, quite common for 
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one of the members of the board to be appointed 
managing director, and to act in the capacity 
of general manager of the detailed organiza- 
tion. This arrangement tends to keep the 
board in close touch with the activities of the 
factory. 

Managers and Foremen. As we saw in 
Lesson III, and as illustrated in Figs. 1-3 in 
that Lesson, it is necessary for the managing 
director or general manager to have a number ot 
assistants in senior staff positions, such as works 
manager, technical manager, chief engineer, and 
commercial manager. If the works is a large 
one, a number of departmental superintendents 
will come under the works manager, and these 
in turn will control the foremen. The managers 
and superintendents are responsible for adminis- 
tering the policy laid down by the board of 
directors, and the foremen are responsible for 
the detailed carrying out of’the instructions by 
the operators. Thus, tabulating, we have— 


| 
Section Function | 
Shareholders | Ownership i General 
Directors Direction of policy Direction 
Managers,etc.| Administration of policy f Technical 
Foremen Executive Direction 


The managers and foremen control the tech- 
nical details, but are responsible to the directors 
and shareholders, who have the final decision in 
any matter. 

The Manager. The level of the personal 
requirements of the present-day manager has 
become considerably higher with the introduc- 
tion of scientific management and the general 
increase in the complications of business. That 
the managers shall be efficient is probably the 
‘most important point in the organization, as 
efficient managers will sooner or later produce 
efficient buildings and efficient staff and organ- 
ization, and the lack of efficient managers will 
sooner or later corrupt even the existing good. 
Efficiency must start at the top and grow 
downwards, i.e. it must start with the managers. 

Managerial Qualifications. In the old days a 
manager was practically only a senior foreman, 
and a bullying disposition was considered a 
great qualification. Now, however, his tech- 
nical knowledge is of less importance, and he 
finds that men can be led much more easily 
than they can be driven. By far the most 
important qualification of the manager is that 
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he must know how to manage, lead, and control 
the men who come under him. This implies 
skill in choosing men as well as in handling them. 
A manager must be able to recognize in his 
subordinates those qualities which would fit 
particular men for larger positions of responsi- 
bility. When a manager has chosen his staff 
he must not forget about the staff and devote 
himself to technical work until some staff change 
again cropsup. Always he must keep the staff 
before him as his first consideration. He must 
show interest in his staff and, on occasion, adapt 
his ways tofit in with the peculiar characteristics 
of the different individuals that he controls. 
Above all, he must diplomatically lead rather 
than drive. He will gain the confidence of his 
staff far more easily if, in addition, he is noted for 
having a character which always gives fair play, 
and is not variable from one day: to another. 
Other Managerial Qualifications. After the 
above qualifications which have to do with the 
leadership of men, the manager should possess 
certain other characteristics. He requires suffi- 
cient general knowledge of technical matters 
to guide him when any decision has to be made, 
although in any difficulty he will always be 
able to obtain more information from his 
specialist technical assistants. He must have 
an analytical mind, in order to be able to exam- 
ine critically the different results obtained con- 
tinuously from actual working conditions. He 
should be able to know what records are needed, 
and when he receives them he should be able to 
find out from them what points in the system 
require attention, where weaknesses lie, and 
what is required to eliminate them. As head 
of the complicated organization, he must obvi- 
ously possess good organizing ability, he must 
take a broad view of all the work so that all the 
details appear in their right relation to the 
whole plan. One of the most difficult lessons 
he must learn is to be able to organize details 
without himself becoming involved in the actual 
work. Finally, for a manager to be progressive, 
he must have the qualities of imagination’ and 
initiative so that he is not content with the 
present, but looks ahead to the future, and keeps 
himself and his staff from getting into ruts. 
Managerial Duties. The duties of a manager, 
like his qualifications, fall into two divisions— 
those to do with material, and those to do with 
men. As regards material duties, he must him- 
self or through his technical staff, be ever on the 
lookout for any means which will eliminate 
waste in material, time, or energy. With regard 
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to men, he is responsible for their selection, 
their training, and for the necessary “ team- 
work ” which should be very evident in all 
departments. 

Managerial Ideals. This is a subject that we 
cannot enlarge on here, but it may be of service 
to state briefly some of the ideals that a successful 
manager will have constantly before him. He 
will aim at the maximum efficiency and the 
minimum waste in everything and everybody. 
This will entail the ideal of having everybody 
doing the work and being in the position most 
suited to them individually. The ideal of a 
high standard will be set before everybody, and 
all will have an equal opportunity of training 
and promotion. All positions will be clearly 
defined and all instructions will be given in 
writing. Team-work, co-operation, and co-or- 
dination will be striven for continuously, and 
the customer will not be forgotten by reason of 
the ideal of first-class service as regards both 
quality and prompt delivery of all orders. 

Duties of Foremen. We shall first of all con- 
sider the duties of a foreman as they would be 
arranged under the old system, before the intro- 
duction of scientific management in whole or in 
part. It will be seen readily that the duties are 
so varied that it really required a super-man to 
be a successful foreman under the old system. 
The duties were as follows— 

1. To assist the operator. The foreman must 
be able to solve all difficulties with which the 
operators are confronted. 

2. To understand all the machinery and tools 
under his control, with a view to its being used 
properly. 

3. To calculate material requirements from 
drawings, etc., for the making out of stores 
requisitions. 

4. To supply work, necessitating planning 
ahead for the operators. 

5. To maintain the standard of the work, and 
thus to-be in close touch with the individual 
capabilities of the operators. 

6. To see that time is not wasted. 

7. To be responsible for everything in the 
department, and to act as judge in matters of 
discipline, wages, etc. 
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8. To act as a link between the management 
and the operators, transferring the viewpoints 
of each to the other. 

Functional Foremanship. Under scientific 
management the original suggestion was to 
replace the ordinary foreman by eight functional 
foremen with duties as follows— 

1. The route clerk—to plan the sequence of 
operations. 

2. The instruction card 
detailed operation instructions. 

3. The time and cost clerk—to record time 
spent on jobs. 

4. The shop disciplinarian—to maintain 
order. 

5. The gang boss—to superintend the pre- 
paration of work to bë done. 

6. The speed boss—to control the actual 
operations on the machines. 

7. The inspector—responsible for quality. 

8. The repair boss—to keep the machinery 
running. 

Modified System. Such a subdivision of 
duties as the above leads, however, to lack of 
discipline, and many have found that a system 
which only goes half-way is the more satisfac- 
tory. Under such a system the foreman would 
be relieved of part of his responsibilities by the 
creation of the following four departments— 

I. The Planning Department, whose work it 
is to arrange standard methods of performance. 

2. The Production Department, whose duty it 
is to issue the work to the shops in the correct 
order of precedence. 

3. The Shop Department, which comprises 
those who come into direct contact with the 
operators. This includes the foremen, who still 
have the final say in determining the individual 
operator to whom the work is to be given. 

4. The Inspection Department, where the work 
is examined and either passed or rejected. This 
department is responsible for the quality of the 
work. 

By this means the foreman is relieved of 
sufficient duties to enable him to perform the 
remainder satisfactorily, and at the same time 
retains full control over the operators so that 
discipline does not suffer. 
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